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PREFACE 


The object of this pocket book is to place before the public 
in as concise a form as possible practical information in re- 
gard to reinforced concrete construction, and the author 
hopes that this book will promote the use of reinforced econ- 
erete and be the medium of its standardization. 

It is no textbook, and a good knowledge of mechanics and 
building construction is indispensible for its rational use, 
and those thinking that they may become experts by studying 
this book are warned herewith to be careful and to consult 
with experienced men before embarking on any important 
piece of work. 

The tables were very carefully figured and checked 
repeatedly by slide-rule; most of them were figured seven to 
ten years ago and have been thoroughly tested by a great 
many practical applications. No claim is made that the book 
contains anything entirely new except the shape in which the 
information is presented; and nothing new has been dis- 
covered since the tables were first prepared which warranted 
the author revising them. 

A factor of safety of four was universally adopted, and 
where no other mention is made the concrete mixture was 
assumed what is commonly called a 1:2:4 mixture=one bag 
of cement to six cubic feet of aggregate. 

The use of high carbon steel is of advantage in reinforced 
concrete construction. The gain over mild steel is, however, 
but little for low percentages of reinforcement, and as most 
of the structures shown in this book are reinforced by only 
¥% to 4%, the substitution of mild steel will not decrease 
the strength of the structures more than 10 to 15%. 

_ The compact form of the book compelled the author to 
confine the information given to those subjects which cannot 
readily be found in other books and to confine himself only 
to those applications of reinforced concrete mostly used. 
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PROPERTIES OF SQUARE RODS. 


Area In | Weight per 
Sa Ins. | foot of 
One Rod | One Rod 
te 062 |e 212 
+#;| .098| .333 
S| LAL! 2A78 
35]. .191] .651 


. Ins. | inths. of4 Rods z 5 
= incl. Stirrups | We of one kind) = I” 


Four Rods| and Overlaps | “ “‘ otherkind | Sq. Ins. |incl.Stirr.&0verlaps 


Ibs. of 4 mixed 
Rods 


$| 250} .850] 1.00} 4.5 a 
| 391] 1.33 | 156] 7.0 he 
m3. Res © )aeg ft O. 
wh [5.562] 1091. | 2.05 | 10,0 [oe 8 | ee 
4) .766] 2.60 | 3.06 | 13.82 482-8) 2.5) 
10/1.00 |°8.40 | 400-4 “18.0.1 8S) 


2-1" & 2-14) 4.50] 20.3 
2-14. & 2-11} 5.65 | 25.5 
2-14 & 2-1 6.90} 31.0 
2-18 & 2-14) 8.88) S70 ae 


1611.26 | 4.80 | 5.04] 22.5 
1411.56 | 5.31 | 6.25 | 28.0 
1311.89 | 6.43 | 7.56] 34.0 
1} | 2.25 | 7.65 | 9.00 | 40.5 


SIX RODS. 


wee | a Ta [| a te | 
Area 6.00 | 7.56 | 9.37_| 11.34 | 13.5 — 
Weight per foot 27.0 | 34.0 | 42.0 | 51.0 | 60.9 


incl.Overlaps and Stirrups 
Area of Six Rods 3.98 
3 one kind, 3 other kind es 
Weight per foot 994 lonr 
_ incl. Stirrups and Overlaps | 18.0 | 23.4 | 30.5 


8.48 | 10,35] 12.42 
38.0 | 46.5 | 56.0 


EIGHT RODS. 


> 


Area in | Weightperfoot} Mixed Rods Area | Weight per foot in 


Pe ee sed tag) oo etek Sth Torah 


& 


y 


THICKNESS OF ‘iG " 

u RODS 4 8 | 1 | 1% 

‘ea 4.5 | 6.12 | 8.0 | 10.08 | 12.50] 15.12| 18.00 
Meierataps and Stirs | 20°3 | 27-5 | 36.0 | 45.0. | 56.0 | 68.0 | 81.0 


The theoretical weight per lineal foot of reinforeing is’ 


found by multiplying the area by 3.4. In beams and girders, 
the rods extend beyond the center of supports, and on this 
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aA 


PROPERTIES OF ROUND RODS. 


= Lal in | Weight per cages alae Mixed Rods Area in reel allied 
j. IRS. . Ins. | of Four Keas a a 
22 4 foot of = incl. Stirrups | Two of one kind of = iopherwes 4 
e= One Rod | One Rod |FourRods| and Overlaps | “ “ other kind \mixed Rods} Stirrups & Overlaps 
4] .049| .167 
a) .Of7| 261 
a sala KG) .ol0 
Py 150\° 511 
4 196} .667] .785 Ot aig Sar = 
5) .306| 1.04 |1.227| 5.4 |22e23 1.00 4.5 
P Bae = 9-8 & 2-3 | 1.49 6.7 
Pee ieso jie") 7.9 ol 
Z| .601| 2.04 ]2.40) 10.8 Joao eat 
i) 795) 2.67 13.14) 14.1 pee es 
4 | .992| 3.38 [3.07 | 178 PE eet Se cs 
id | 1.225] 4.17 |4.90 | 22.0 F=% is au 
13 | 1.485| 5.05 |5.94 | 26.7 ta — atine TY 
Miter eo |7.00 | 31.7 18% 21 600 | 
SIx RODS 
coe ee ea ee eae: | 18 | 44 : 
~ Area 22608 vo 7.36 | 8.90 | 10.60 
Weight per foot 2 2 g 
incl, Overlaps & Stirru | 12.0 33.0 | 40.0 | 45.0 


Area of Six Rods o 46 
peters icin | 3-18 


| efile a GS | 18.7 | 24.0: | 29.7 | 36.0 | 43.6 


EIGHT RODS. 


DIAMETER ee Se a | 44 | 18 | 14 
Area 3.52 | 4.80 | 6.28 | 7.94 | 9.80 11.88 | 14.12 
Weight incl. z 5 | 98.9 | 35, AA 53.5 | 63.5 
se stirrans.& Overlans 15.8) 21.6 8 35.7 | 44.0 | 53.0 a) 


account and on account of the stirrups the coefficient of 3.4 
increases to an average of 4.5, The stirrups alone weigh from 
5 to 10% of the weight of the rods, 
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PROPERTIES OF TEE BEAMS. 


Width and 
Bendiag | Depth of Beam 
Moment | Below Slab 


Reinforcement 
Number 


of in inches a | Concrete} in including 
wea 1000 a ae Round or Square ‘wnat 1000 pire 
Foot-lbs. | oor Square Inch Foot | Foot-Pounds 


1] 4.0] 34x62 2-3 1.8 | .165 5.0 2.3" 
2] 6.2] [2300] 2-3 oa oe 7.8 3.5 
B80 cs 2 4.0 4 Wise: 5.0 
4] 8.0] 54x8? 2-3 Danco 10.2 3.5 
5 | 10.3 | [4200] 4-4 SF ee 13.1 4.5 
= 64 01,6 .. 2-} 4.0 hs 14.8 5.0 
7| 16.0 re 2 5.4 a 20.4 7.0 
8 | 23.1 es 4-3 7.9 =f 29.5 | 10.0 
9 | 27.4} 7hxe} | 2-2; 2-% | 9.5 | 46 | 34.7 | 12.0 
10 | 31.5 | [5700] 4-5 10.8 Sy 40.0 | 13.8 
11 | 19.7 | 654x103 4-8 5.4] .42 25.2 7.0 = 
12 | 24.0 | [4860] 2-8; 23 6.7 ue 30.6 8.6 
13 | 28.4 ss 4-} 7.9 a 36.2 | 10.0;am 
14 | 33.6 Bs 2-3; 2-2 | 9.5 - 42.7 | 12.0 
15 | 38.6 | 74x10 4-4 10.8 | .56 49.6 | 13.8° 9% 
16 | 44.0 | [6620] 2-f-2-]" | 12.4 sf 67.0 | 15.8. 
17 | 60.3 a 4-1” 14.1 af 64.3 | 18.0 
18 | 67,0 M -) 21; 2th 1160-15) % 1 72g egies 
19 | 23.3 | 54x12} 4-8 5.4 | .49 29.8 CO 
20 | 28.6 | [5520] 2-8; 2-2 | 6.7 “ 36.4 8.6. 
21 | 33.6 - 4-7 lwo re 43.0 10.0 
22 | 40.0 |) 28s Be | O95 oy 50.8 | 12.0 
23 | 46.0 | 74x12} 4-5 LOS | 67 58.5 13.8 
24 | 63.0 | [7500] 2-4; 2-1” | 12.4 Kh 67.5 | 15.8 
25 | 60.0 e 4—1" 14.1 oS 76.4 18.0 
26 | 67.8 | 94x12} | 2-1”; 2-1-4] 16.0 | .84 86.0 | 20.3 
27 | 76.1 | [9500] 4-14 17.8 re 96.6 | 22.5 
28 | 37.6 | 74x14} os 7.9 | .75 48.0 | 10.0 
29 44.6 | [8650] 2-3; 2-5 925 x 66.5 | 12.0 
30 51.2 se tHe 10.8 Cf 65.0 | 13.8 
31 69.0 ut 2-4; 2-1” | 12.4 ve: 765.0 | 15.8 
32 | 67.0 | 94x14} 4-1” 14.1 | .95 85.0 | 18.0 
33 | 76.0 | [11000] | 2-1”; 2-14 | 16.0 f 96.3 | 20.3 


CONCRETE POCKET BOOK. ff 


PROPERTIES OF TEE BEAMS. 


ROUND BARS SQUARE BARS 
Weight of 
Cubic | Bending | Steel per 


Moment | Lineal 
| Foot Foot 
Including at in | Including 
Stirrups ue 1000 Stirrups 
Foot 


Bending opel ‘ 
of Beam Reinforcement 
— Below Slab 


Le at 


m0 oe 
Foot-Ibs. ois Sheatt Inch| Round or Square 


Foot-Pounds 


and an 
Greriaps Overlaps 


34 | 85.0 | 94”x144” 4-14" 17.8 22.5 
35 | 94.8] [11000] | 2-14; 2-14 | 20.0 25.5 
36 | 105.0 | 114x144 4-14 22.0 28.0 
37 | 127.0} [133800] 6-14 27.0 34.0 
38 | 68.5] 74x164 44 10.8 13.8 
39 | 67.3| [9550] } 2-2; 2-1 | 12.4 15.8 
40 | 76.5| 94x16+ 4-1” 14.1 18.0 
41 | 86.5 [12100] 2-1; 2-14 | 16.0 20.3 
42 | 97.0 4-14 17.8 22.5 
43 | 108.0 Ke 2-14; 2-14 | 20.0 25.5 
44 /119.6| 114x164 4-1} 22.0 28.0 
45 | 145.0} [14600] 6-14 27.0 34.0 
46 | 86.0} 94x18} 4-1" 14.1 18.0 
47 | 97.2| [13200] | 2-1; 2-14 | 16.0 20.3 
48 | 109.0 Re 4-14 fete: 22.5 
49 | 129.0 se 6-1” Al a 27.0 
50 | 121.0 ae 2-14; 2-14 | 20.0 25.5 
51 | 147.0 | t14xiet | 3-1; 3-14 | 24.0 30.5 
52 | 134.0} [16000 4-1} 22.0 28.0 
53 | 163.0 uc 6-14 27.0 34.0 
54 | 181.0 eS 3-14; 3-14 | 29.7 38.0 
55 | 136.0} 94x204 aah 2-14 | 20.0 25.5 
56 | 143.0] [14400] 5 21.2 27.0 
57 | 149.0 | 114x204 a 22.0 28.0 
58 | 163.0] [17400] | 3-1; 3-14 | 24.0 30.5 
59 | 181.0 oe 6-14 27.0 34.0 
60 | 201.0 e 3-14; 3-14 | 29.7 38.0 
61 | 178.0 | 114x224 | 3-1; 3-14 | 24.0 30.5 
62 | 198.0] [18800] 6-1 27.0 34.0 
63 | 220.0 as Selb he 29.7 38.0 
64 | 246.0 os 33.0 42.0 
65 | 267.0 ws ans aT 36.0 46.5 


The sizes of beams and reinforcement in each horizontal 
line refer both to round and square rods, 


Number 
of 
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PROPERTIES OF TEE BEAMS, 


Bending | Width and Depth 


of Beam 
er Below Slab 
in 

Shear at 
1000 | 60 Pounds 


Foot-lhs. | per Square Inch 


208 | 114”x26” 
233 
257 | [21400] 
287 i 
312| 134x26 
347 | [25100] 
2265 | 114x28 
261 | [22700] 
277 st 
308 sf 
336 | 134x28 
374 | [26700] 
269| 114x30 
296 
332} [24100] 
359 Bs 
400 | 134x30 
440 | [28400] 
529 | 13)x36 
640 | [838200] 
760 me 
617) 13}x42 
750'| [38000] 
890 | 15x42 
703 | 16x48 
865 | [47700] 
1010 i 
1270 | 17x48 
1620 | [54000] 
930 | 15x52 
1110 | [51100] 
1380 | 17x52 
[58000] 


Reinforcement 


Round or Square 
3-1; 3-14 
6-14 


3-14; 3-14 
6-14 


3-14; 3-1} 


6-1} 


Including 
Stirrups 


Overlaps 


ee 
sae Re, 


So etl i a 


—_— = 
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PROPERTIES OF TEE BEAMS, 


ROUND BARS SQUARE BARS 


Weight of Weight of 
W 

Number i cite Reinforcement aoe ae jn pene ie 
Below Slab Foot of | Moment | Foot 

a on Shear at a lncloding Concrete a eluding 
Beam 60 Pounds | Round or Square rs | Lineal dead 
| Foot-lbs. | per Square Inch Pact te Foot _ | Foot-Pounds Pie 
er asl sxe | 24) a | ot] se | +28 
202} 6.9] [2760] 2-8 2.7 cr 8.8 3.5 
203 | 9.9 & 2-1 4.0 5s 12.6 5.0 
204} 8.8| 6x94 2-f OF Weel Te 3.5 
205 | 11.1 i 4-4 5.7 ie 14.2 4.5 
206 | 12.7] [4850] 2-4 4.0 as 16.0 5.0 
20d | N74 a6 4-2 5.4. f 22.2 7.0 
208 | 25.2 a 3 7.9 a 32.0 | 10.0 
209 | 29.7} 8x9} 2s 2—F 9.5 5B AISUN hh Le 
210 | 34.2} [6470] 4-{ 10.8 MG 43.5 | 13.8 
211 | 21.0; exits 4-2 5.4 48 26.9 7.0 
212 | 26.6 | [5580] 2-h 2— 6.7 - 32.8 8.6 
213 | 30,3 ve —} 7.9 ca 38.8 | 10.0 
214 | 35.8 as 2-4, 2-f 9.5 i 46.7 | 12.0 
915 | 41.2] sxith 4t-j 10,8 (4 63.0 | 13.8 
216 | 47.5 sa Q-1; 2-1" | 12.4 . 61.0 15.8 
217 | 64.0} [74380] 4-1" 14.1 - 69.0 | 18.0 
218 | 61.0 es 2-1"; 2-14 | 16.0 hg Tab |) 208 
219 | 24.6 | 6x13} 4-5 5.4 ab) 31.6 7.0 
220) (30. ge 2-3; 2-3 6.7 ue 38.6 8.6 
221 | 35.6 | [6300] 4} 7.9 u 45.6 | 10.0 
222 | 42.0 ce 2-4; 2-4 9.5 tf 63; 7%) 12.0 
223 | 48.6 | 8xI134 4 L0;8) rs 62.0 | 13.8 
224 | 66.0 | [8390] 2-7; 2-1” | 12.4 a 71.6 | 15.8 
225 | 68.4 pt 4-1" 14.1 i 81.0 | 18.0 
926 | 71.8 | loxt34 | 2-1"; 2-14 | 16.0 | .O4 91.0 | 20.3 
227 | 80.2 | [10500] 4-14 17.8 a 102.0 | 22.5 
228 | 40.9 | 8x16} 4} 7.9 | .86 62.1 | 10.0 
229 | 48.4 | [9840] | 2-3; 2-4 9.5 ff 61.6 | 12.0 
230 | 55.8 a 4-f 10.8 i 71.0 3.8 
231 | 64.1 ot 2-$; 2-1" | 12.4 ee 82.0 | 15.8 
232 | 73,0 | 10x164 4-1” 14.1 | 1.08 93.0 | 18.0 
233 | 82.4 | [12300] | 2-1”; 2-14 | 16.0 oi 104.6 | 20,3 


Use these beams, where the lumber can be obtained in full sizes. 


10 


Number 
of 
Beam 


234 
235 
236 


237 
-238 
239 
240 
241 
242 
243 


244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
200 
261 
262 
263 
264 
265 


Bending | Width and Depth 


Moment 


A 
1000 


Foot-lbs. | per Square Inch 


MENSCH, THE REINFORCED 


m 
Below Slab 


Shear at 
Pounds 


10x154 
[12300] 
12x154 
[14700] 
8x 174 
[10800] 
10x174 
[13500] 
“e 
ing 


12x17$ 

[16200] 

lox194 

[14700] 
ce 


12x 194 


17900 
1ox2id 
[15900] 
lax21t 
[19100] 
12x23} 
[20500] 


14x234 
[23900] 


PROPERTIES OF TEE BEAMS. 
Weight of Weight of 
Cubic 

f Bea Reinforcement ee ee ae: ‘neal 
— ncn br me nig 
irr ' rrups 

Round or Square d | Lineal : and 
. Overiaps | Feat | Foot-Poands Overlaps 
4-1} 17.8 | 2.08) | A 70 zea 
2-14; 2-14 | 20.0 gk 131.0 | 25.5 
4-1} 22.0 | 1.30 | 146.0 | 28.0 
6-14 27.0 sad 176.0 | 34.0 
te 10.8 Ze 80.1 13.8 
2-£; 2-1" | 12.4 ne 92.8 | 15.8 
4-1” 14.1 | 1.22 | 106.0 4 18.0 
2-1"; 2-14 | 16.0 cs 118.0 | 20.3 
4-14 17.8 5 132.6 | 22.5 
2-14; 2-14 | 20.0 es 148.0 | 25.5 
4-14 22.0 | 1.46 |. 164.0 | 28.0 
6-14 27.0 “ 198.0 | 34.0 
4-1” 14.1 | 1.36 | 117.0 | 18.0 
2-1”; 2-14 | 16.0 : 132.0 | 20.3 
4-1} 17.8 eS 148.0 | 22.5 
6-1” 21.2 is 177.0 | 27.0 
2-14; 2-14 | 20.0 BS 165.0 | 25.5 
3-1”; 3-14 | 24.0 | 1.63 | 198.0 | 30.5 
4-14 22.0 i 183.0 | 28.0 
6-14 27.0 = 221.0 | 34.0 
3-14; 3-14 | 29.7 as 248.0 | 38.0 
2-14; 2-14 | 20.0 | 1:50 | 182.0 | 25.5 
6-1" 21.2 et 193.0 | 27.0 
4-1} 22.0 | 1.80 | 202.0 | 28.0 
3-1”; 3-14 | 24.0 ie 218.0 | 30.5 
6-14 27.0 Se 242.0 | 34.0 
3-14; 3-14 | 29.7 . 274.0 | 38.0 
3-1”; 3-14 | 24.0 | 1.96 | 240.0 | 30.5 
6-1 27.0 wy 266.0 | 34.0 
3-14; 3-14 | 29.7 pe 300.0 | 38.0 
6-1 33.0 | 2.30 | 330.0 | 42.0 
3-14; 3-12 | 36.0 - 365.0 | 46.5 


Use these beams, where the lumber can be obtained in full sizes, 


ind Aa Py ae Sh ted 


be Diets joe, CF a oe 
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PROPERTIES OF STEEL BEAMS. 


Bending Bendi 
pee ae Width Depth | Weight Moment width 
f of 
T Beam 16000 pounds aut Chan- hah 16000 pounds | Flange 
"Inches Stress Inches Le. Pounds Stress | Inches 
1000 Ft. Lbs. inches » | 1000 Ft. Lhs. 
3 64 9.15 Dao 3 4 1.47 1.41 
Kg 74 2.55 2.50 3 5 1.60 1.51 
4 74 3.93 2.66 4 5.25 9.53 | 1.58 
- 104 4.70 2.86 os 6.25 2.80 | 1.65 
9} 6.45 3.00 
5 6.5 4.00 1.75 
q 14g] 8.10 | 3.28 || & 
9.0 4.67 1.89 
6 124 9.80 ARIS) 
6 174 11.70 3.56 6 8.0 5.73 | 1.92 
2 ie 14.00 3 66 10.55 6.67 2.04 
“G 20 16.20 3.86 7 9,75 8.00 2.09 
8 18 19.00 4.00 ie 12.26 9,20 2.19 
q 26 23.00 4.26 8 11.26 | 10.80 | 2.26 
21 25.00 4.33 i 13.75 | 12.00 | 2.35 
“ ae 33.40 | 4.76 9 | 13.25 | 14.00 | 2.43 
10 25 33.00 4.66 HE 15.0 15.10 2.47 
4 : 15 
SU SOB ON TOT te i 16.0. | 17,90: 2.60 
2 au nee Bee ve 20.0} 20.90 | 2074 
z 55 81.50 | 5.75 12 | 20.5 | 28.50 | 2.94 
16 Bee OP TOO | 5-50 I ce’ | 2e°t soon ee 
aN 60 110.00 6.17 ce 35.0 39.80 399 
go | 138.00 | 6.63 
18 65 | 119.00 6.00 15 | 33 55.60 | 3.40 
‘6 720 146.00 6.50 15 35 57.00 3.44 
7 90 | 176.00) 7.08 || |, e sae are 
20 66 | 157.00 | 6.25 
4 go | 187.00 | 6.75 
ee 100 218.00 7.03 
24 80 234,00 7.00 This table is inserted to facilitate com- 
‘6 90 260.00 7 42 parisons of steel and reinforced concrete 
pe foo} 278.00) 7.60 |) 
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SECTIONAL AREAS OF ROUND BARS PER LINEAL 
ALSO THEIR WEIGHTS PER SQUARE 


The black figures denote the areas. 


weights in simple, continuous slabs including overlaps and 
extra rods over supports, except longitudinal reinforcement, 


AV nee fe Cine Se 


2} area SPACING IN INCHES 
s Weight 1 
3 Per Foot| + 6} 7 % 
s 

1 .149 32h 11S .108; .099 .09l .079. aS 
I e begh 20} -F00 68 (0.87 | .53 42 
4) ooo} 1-28.[ E12 | 100 at 83 67 
5 077 230 .205 .184) .168 154 BURY 12s : 
=| “5g;| 1-22 | 1.09 | .98 | .89 | .82] .75 | .70 |. oem 
16) °" | 1.93 | 1.73 | 1.55 | 1.42 | 1.30 | 1.20 | 1.11 | 1.04 — 
3) tio| .-332| -298| .265/ .242| .222/ .206| .190| .177 
| ‘975| 1-76 | 1.564-4.4F | 1.28-| 1.18 | 1.09 | 1.01 7s .94 
Sie: 2.80 | 2.48 | 2.23 | 2.04 | 1.87 | 1.73 | 1.60 | 1.49 
7 150 .450 -400 .362 .330 .300 .278 258 .241 
——~ “544 | 2-38 | 2.12 | 1.92 | 1.75 | 1.60 | 1:48] 1.37 | 1.28 
16) - 3.80 | 3.86 | 3.05 | 2.78 | 2.52 | 2.34 | 2.17 | 2.08 
L 196| 590] .523| .471| .430| .394| .363/ .337| 316 
=| “g67| 3-13 | 2.80 | 2.50 | 2.28 | 2.09 |. 1.93 | 1.79 | 1.67 
2| “""'| 4.95 | 4.40 | 3.96 | 3.62 | 3.81 | 3.05 | 2.88 | 2.65 
5 306 .920 .820 .735 .670 .613 .566 .527 -490 
| 1043} 4:87 | 4-35 | 3.90 | 3.55 | 3.25 | 3.00 | 2.80 | 2.60 
el ia 7.72 * 6.90 | 6.18 | 5.62 | 5.16 | 4.75 | 4.42 | 4,19 
3 442 1.32 1.18 1.06 .965 .884 817 .758 -708 
=| 1502|, 2:00 | 6.25 | 5.62 | 5.10 | 4.68 | 4.38 | 4.00 | 3.75 
Ay eerriiy.10 | 9.92 | 8.91 | 8.10 | 7,41 | 6.86 | 6.36 | Bo 
7 601 1.81 1.61 1.45 | Wes 5-4 4 | 1 1.03 964 
la page po | 7% 120 164) | oe | Be eee 
8 | “115.20 {13.60 [12.20 [11.10 110.20 | 9.30 | 8.70 | 8.10 

785 2.36 | 2.10 1.89 bone 1.57 1.46 1.35 1.26 
1 2 667 (12-50 {11.1 {10.00 | 9.10 | 8.30 | 7.70 | 7.15 | 6.70 

" {19.80 [17.70 |15.90 [14.50 [13.20 [12.20 {11.40 [10.60 
eee A ey eee 


Directly below are the — 
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FOOT OF SLAB IF SPACED FROM 4 TO 12” C. C,; 
FOOT IN SIMPLE AND SQUARE SLABS. 


SPACING IN INCHES 


Diameter Inches 


Poth 27 ) 125-218 | 1.12 | 1.06 | 1.01 | -.97-4- 93 


-226| .212; .200; .190; .180; .172| .164/ .157} .150 
20a Lae) 106.) 1.011 96 seul 87 83 80 
1.68 | 1.60 | 1.52 | 1.45-| 1.38 | 1.82 1.26 


.295| .277) .262|} .248; .236) .225; .214) .205; .196 
ai tesO 1.32) 1-25 4 1205) 1.04.) 1.091.104 
eile ie OO al 08 al Seat al. SO! y die els 


-.460| .433} .410| .387) .367| .350| .335/ .320| .306 
a ial) 2 9) 20a! 195.) 1-85, 9) 1.78) || 2.770) |) 1.62 
3.86 | 8.65 | 3.45 | 3.26 | 3.09 | 2.95 | 2.82 | 2.69 | 2.57 
.662} .623) .590| .559] .530; .505/ .481) .460| .442 
9200) 5200) | 8.13 | 2.95 | 2.81 | 2.68 | 2.55 | 2.44 | 2.35 
5.57 | 5.25 | 4.96 | 4.70 | 4.45 | 4.25 | 4.05 | 3.87 | 3.71 


&|~I | cofeo | Rlen » | 
3 
iS 
3 
5 
. 
s 
8 
5 
a 


[nil es 
to 
oS 
peer 
=I 
ioe 


Sibi) asi Kas 


~ .904| .850| .800/ .760| .720| .685| .656/ .630| .601 
4.8 | 4.5 | 4.25 | 4.03 | 3.82 | 3.63 | 3.48 | 3.34 | 3.20 
7.60 | 7.15 | 6.72 | 6.40 | 6.05 | 5.75 | 5.50 | 5.30 | 5.05 


‘ 1.01 | 1.05 .990| .940} .900) .856; .820/ .785 
] 6.25 | 5.90 | 5.60 | 5.25 | 5.00 | 4.76 | 4.53 | 4.85 | 4.15 
9.32 | 8.80 | 8.32 | 7.90 | 7.57 | 7.20 | 6.90 | 6.60 


which weigh in slabs 3”, 314”, 4”, 416”, 5”, 54%”, 6” thick, 
pounds per sq. foot .18, .21, .24, .27, .3, B83, P 
The figures in the third line denote the weights of steei per 


14 MENSCH, THE REINFORCED 


SECTIONAL AREAS OF SQUARE BARS PER LINEAL 
ALSO THEIR WEIGHTS PER SQUARE 


Area SPACING IN INCHES 


Weight 
Per Foot a 4} 


Thickness Inches 


. 190 167) 2160) .137 
1 be 1.01 | .88 | .80| .73 
re 1.60 | 1.40 | 1.26 | 1.15 
290 .260 233 
=s ee 1.54 | 1.38 | 1.24 
16| - 2.45 | 2.18 | 1.96 
422 .375 340 
3} -140) 9°54°| 2°00 | 1:80 
si = 3.55 | 3.15 | 2.85 
574 .510 450 
i 3.05 | 2.70 | 2.44 


3.55 | 3.18 
.62 | 5.03 


1.172) 1.04 .94 
6.20 | 5.51 | 4.98 
9.86 | 8.75 | 7.90 | 7.13 


Ay 
2 
5 
8 
3 g62| 1-687| 1.60 | 1.35 | 1.23 
4 
oly 
8 


8.95 | 7.95 | 7.15 | 6.51 
14.20 12.60 {11.40 {10.40 


2.297) 2.04 | 1.82 
12.20 {10.80 | 9.66 
19.30 |17.20 15.30 


1.00 3.000] 2.67 | 2.40 
1)| 37000 |15-90 [14.20 [12.72 
3.400 \55"90 [22.50 120.20 


sq. ft. in square slabs including overlaps. The theoretical 
weight per sq. ft. is obtained by multiplying the areas by 
3.4, On account of overlaps and the rods over the sup-— 


CONCRETE POCKET BOOK. 15 


_FOOT OF SLAB, IF SPACED FROM 4 TO 12” ©. G.; 
FOOT IN SIMPLE AND SQUARE SLABS. 


SPACING IN INCHES 


-093 
-50 
78 


-178| .170| .160 
TOOT 8 20) |. 85 
1.58 | 1.50 | 1.43 | 1.35 


-242| .230| .219 
1:28: | 1.22 | 16 
2.05 | 1.94 | 1.84 


-316/ .300 


.830 
4.40 
7.0 


1.09 
5.80 
9.20 


ports, this coefficient increases to 5.3 in simple continuous 
slabs and on account of overlaps and rods running in two 
directions to 8.4 in square slabs, 


ia 
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SAFE BENDING MOMENTS IN FOOT-POUNDS PER 
PERCENTAGE OF STEEL VARYING FROM 


THICKNESS OF SLABS IN INCHES AND FEET 


Q" 24" 3" 34" 4" 


[.167'] [.208"] [.25'] [.292"] [.333)] 


Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- 
Moment | tional | Moment | tional | Moment | tional | Moment | tional | Moment | tional 
Foot Lhs.| Area | Foot Lbs.| Area | Foot Lhs.| Area | Foot Lbs. | Area | Foot Lbs.) Area 


200| .06 315) .075| 440} .09 600} .105 800) .120 
220| .072| 340] .090} 470} .108 640 .126 850} . 144 
240| .084| 365| .105 500} .126 680) .147 900} .168 
260} .096 390} .120 530| .144 720| .168 950} .192 
280| .108] 415} .135 560) .162 760} .189} 1000} .216 
300] .120| 440] .150 590/ .180} 800] .210) 1050) .240 


320] .132) 465) .165|} 620) .198} 840) .251]} 1100] .264 
340| .148 490| .180) 650) .216] 880] .252| 1150] .288 
360} .160] 515) .195| 680) .234] 920) .273| 1200] .312 
380| .172 540} .210 710} .252| 960] .294) 1260) .336 
400| .184 665| .225 740} .270| 1000} .315) 1300] .360 


420| .196 590| .240 770} .288] 1040} .536| 1350] .384 
440} .208 615} .255 800} .3806] 1080} .857) 1400] .408 
460| .220| 640) .270 830) .824] 1120] .878] 1450) .432 
480| .252 665) .285 860} .342] 1160) .399] 1500) .456 
600| .240 690} .300 890| .360| 1200} .420) 1550) .480 


620| .256] 716] .815| 920) .878] 1230] .441] 1600! .504 
540] .268] 740] .830} 950) .896] 1270] .462| 1650] .528 
560| .280} 765) .845) 980) .414] 1300] .483] 1700] .552 
680| .292| 790] .3860| 1010) .432| 1335] .504! 1760] .576 
600| .304| 815) .875| 1040] .450} 1370] .525| 1800] .600 


The area of stecl is for a width of one foot. The spaces 
denote the percentages of 4%, % and 1% of reinforcing, As 
a universal rule it will be found that the cheapest construe- 


CONCRETE POCKET BOOK. LT 


/ LINEAL FOOT OF SLABS, IF REINFORCED BY A 
Y, TO 14%,% IN INCREMENTS OF 1/20%. 


THICKNESS OF SLABS IN INCHES AND FEET 


| 
44! 5" | 54" 6" - 64" 


[.375'] [.4171] [.458"] [.500'] [.542"] 


Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- 
Moment | tional | Moment | tional | Moment | tional | Moment | tional | Moment | tional 
Foot Lhs.| Area | Foot Lhs.| Area | Foot Lbs. | Area | Foot Lhs.| Area | Foot Lbs, | Area 


1000] .135} 1300] .150| 1600] .165| 1800] .180| 2200} .195 
1080| .162] 1400] .180| 1720] .198| 1950} .216| 2370} .234 
1160} .189] 1600} .210| 1840] .231] 2100] .252| 2540} .273 
1240} .216] 1600] .240| 1960] .264| 2250] .288] 2710) .312 
1320] .243] 1700] .270} 2080! .297| 2400) .324| 2880] .351 
1400| .270| 1800] .300| 2200] .330|} 2550) .360/ 3050} .390 


1480] .297| 1900] .330) 2320] .363} 2700) .396| 3220] .429 
1660| .824| 2000} .360| 2440| .396| 2850] .432| 3390] .468 
1640] .851} 2100] .890| 2560] .429) 3000] .468) 3560] .507 
1720| .378} 2200) .420| 2680] .462| 3150) .504| 3730] .546 
1800/ .405] 2300) .450/ 2800] .495} 3300] .540} 3900| .585 


1860| .432| 2400] .480| 2920] .528] 3450) .576] 4070) .624 
1940| .459| 2500} .510} 3040] .561| 3600] .612| 4240) .663 
2020| .486| 2600] .540| 3160] .594| 3760} .648| 4410] .702 
2100} .513| 2700] .570| 3280] .627| 3900} .684| 4580; .741 
2180] .540! 2800] .600| 3400] .660| 4050} .720} 4760) .780 


2260| .567| 2900| .630| 3520| .693] 4200] .756] 4920) .819 
2340| .594| 3000| .660| 3640| .726| 4350] .792| 5090] .858 
2420| .621} 3100| .690| 3760| .759] 4500] .828| 6260] .897 
2500| .648} 3200/ .720| 3880| .792| 4650] .864| 5430] .936 
2580| .675| 3300] .750| 4000] .825} 4800] .900) 5600] .975 


tion is obtained, if the percentage of reinforcement is 74 to 
144%, For the proper steel rods, spacing and weights, see 


preceding pages. 


d 
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THICKNESS OF SLABS IN INCHES AND FEET 


7" 73" 8" 9" 
[.583'] [.625'] [.667'] [.750'] 
Bending fvetional Bending | Sec- | Bending | Sec- | Bending | Sec- 
Moment | Rein- | Moment | tional | Moment | tional | Moment | tional 

Foot Lbs. — Foot Lbs.} Area | Foot Lbs. | Area | Foot Lbs, | Area 
2500} .210| 2800] .225|) 3200) .240} 4200; .270 
2700} .252| 3030] .270; 3460) .288}) 4520) .324 
2900} .294]} 3260] .315|} 3720] .336] 4840) .378 
3100] .836} 3490] .860] 3980) .384] 5160) .432 
3300] .378| 3720| .405) 4240] .432] 5480) .486 
3500} .420) 3950] .450; 4500} .480| 5800) .540 
3700| .462) 4180) .495| 4760] .528} 6120) .594 
3900; .504) 4410) .540} 5020) .576) 6440) .648 
4100} .546| 4640) .585| 5280) .624) 6760! .702 
4300} .588| 4870) .630| 6540] .672| 7080! .756 
4500| .630) 5100) .675| 5800) .720] 7400; .810 
4700] .672| 5330| .720} 6060] .768] 7720) .864 
4900| .714| 5560) .765)} 6320] .816} 8040! .918 
6100} .756} 5790] .810| 6580] .864| 8360) .972 
6300] .798| 6020} .855| 6840] .912] 8680/1.026 
6600) .846] 6250] .900| 7100] .960} 9000/1.080 
6700} .882| 6480] .945| 7360/1.008| 9320/1.134 
6900} .924; 6710} .990} 7620/1.056] 9640/1.188 
6100) .966] 6940)1.0385| 7880\1.104] 9960/1.242 
6300/1.008} 7170|1.080] 8140/1.152] 10280|1.296 
6600/1.050| 7400\1.125} 8400/1.200] 10600/1.350 


The area of steel is for a width of one foot. 


10” 


[.833"] 


Bending 
Moment 


Foot Lhs. 


5000 
5400 
5800 
6200 
6600 
7000 


7400 
7800 
8200 
8600 
9000 


9400 
9800 
10200 
10600 
11000 


11400 
11800 
12200 
12600 
13000 


66 
“72 
78 
8+ 


-90 


96 
1.02 
1.08 
1.14 
1.20 


7 


Cri Go Oo ty 
CHOW 


The spaces 


denote the percentages of 4%, % and 1% of reinforcing. 
The weight of the steel per square foot is found in case of 
square slabs by multiplying the area of steel by 8.4; for 


7 
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PER LINEAL FOOT OF SLABS REINFORCED BY 
i44 TO 144% IN INCREMENTS OF 1/20%. 


THICKNESS OF SLABS IN INCHES AND FEET 


11" 12" 15" 16" 18" 
[.917"] [1.00] [1.251] [1.33] [1.50] 


Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- 
Moment | tional | Moment | tional | Moment | tional | Moment | tional | Moment | tional 
Foot Lbs. | Area | Foot Lbs.) Area | Foot Lhs.| Area | Foot Lhs.| Area | Foot Lbs. | Area 


6100} .330| 7200} .360| 12000} .45 | 13000} .480| 17000) .540 
6600} .396) 7800| .432} 12900] .54 | 14000] .576| 18300] .648 
7100} .462| 8400] .504] 13800} .63 | 15000] .672| 19600} .756 
7600} .528| 9000} .576] 14700} .72 | 16000| .768} 20900| .864 
8100| .594| 9600] .648| 15600] .81 | 17000] .864| 22200} .972 
8600] .660] 10200] .720] 16500] .90 | 18000} .960| 23500 /1.080 


9100] .726| 10800] .792] 17400] .99 | 19000]1.056| 24800/1.18S 
9600| .792] 11400! .864] 18300|1.08 | 20000/1.152) 26100/1.296 
10100} .858] 12000} .956] 19200|1.17 | 21000|1.248] 27400/1.404 
10600| .924| 12600/1.008} 20100}1.26 | 22000|1.344| 28700|1.512 
11100] .990] 13200]1.080| 21000/1.35 |-23000/1.440| 30000 /1.620 
11600/1.056| 13800|1.152| 21900|1.44 | 24000/1.536] 31300|1.725 
12100|1.122| 14400/1.224| 22800/1.53 | 25000/1.632| 32600]1.836 
12600|1.188] 15000/1.296| 23700/1.62 | 26000|1.728} 33900/1.944 
13100|1.254] 15600|1.368] 24600/1.71 | 27000|1.824/ 35200 /2.052 
13600|1.320| 16200/1.440] 25500|1.80 | 28000|1.920| 36500 |2. 160 
14100]1.386| 16800/1.512| 26400|1.89 | 29000/2.016| 37800|2.268 
14600|1.452| 17400 /1.584| 27300 11.98 | 30000 /2.112| 39100|2.376 
15100/1.518| 18000/1.656} 28200 2.07 | 31000|2.208| 40400 |2.484 
15600/1.584| 18600|1.728] 29100 |2.16 | 32000|2.304| 41700 |2.592 
-16100/1.650| 19200]1.800| 30000 |2.25 | 33000 |2.400| 43000 |2.700 


-ontinuous simple slabs by multiplying the area of steel by 
j.3 and adding the weight of longitudinal reinforcement; the 
atter should not be less than 4%%. The proper steel rods, 
spacing and weights will be found on pages 12 to 16, 
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SAFE BENDING MOMENTS IN FOOT-POUNDS ON 
SLABS PER LINEAL FOOT IF REINFORCED 
BY ¥% TO 1.0% OF STEEL. 


ania 


3 

; 

THICKNESS OF SLABS IN INCHES AND FEET A 

5 

—~— 

> 

20" 22" 24" 27" 30” by 
+ 

[1.67'] [1.833'] |  [2.00'] [2.251] [2.50] @ 


Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- | Bending | Sec- < 


Moment~| tional | Moment | tional | Moment | tional | Moment | tional | Moment | tional 3 
Foot Lbs.| Area | Foot Lbs. | Area | Foot Lbs. | Area | Foot Lbs. | Area | Foot Lbs. | Area z 
e 
20000] .60 | 25000) .660| 29000} .72 | 36500) .810| 45000; .90 4 
21600} .72 | 27000} .792| 31300| .864| 39400! .972| 48500] 1.08 
23200] .84 | 29000! .924] 33600/1.008| 42300 /1.134| 62000) 1.26 
24800} .96 | 31000/1.056| 35900 }1.152| 45200 /1.296} 55500) 1.44 
26400/1.08 | 33000/1.188| 38200/1.296| 48100|1.458| 69000] 1.62 
28000|1.20 | 35000 /1.320| 40500|1.440| 51000/1.620} 62500) 1.80 — 
29600 /1.32 | 37000/1.452| 42800 /1.584| 53900/1.782| 66000} 1.98 
31200/1.44 | 39000/1.584| 45100/1.728| 566800/1.944| 69500| 2.16 
32800/1.56 | 41000/1.716| 47400|1.872} 59700 |2.106) 73000) 2.34 
34400|1.68 | 43000)1.848] 49600 |2.016] 62600 |2.268| 76500] 2.52 
36000/1.80 | 45000/1.980} 51900 |2.160| 65500 |2.430| 80000] 2.70 
35600/1.92 | 47000|2.112| 54200 2.304] 68400|2.592) 83500| 2.88 
36200 |2.04 | 49000/2.244] 56500 |2.448] 71300|2.754| 87000! 3.06 
36800 /2.20 | 51000 /2.376] 68800 |2.592| 74200/2.916] 90500! 3.24 
37400/2.380 | 63000 |2.508| 61100 |2.736| 77100|3.078| 94000| 3.42 
38000 |2.40 | 55000|2.640] 63400 |2.880| 80000 |3.240| 97500! 3.60 


For any other thickness of slab or other percentage of re- 
inforcement, use the formula: Moment in foot-pounds per 
lineal foot of slab=coefficient Xt2, when t thickness of slab 
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SAFE BENDING MOMENTS IN 1000 FOOT-POUNDS 
ON SLABS PER LINEAL FOOT IF REINFORCED 
BY THE MINIMUM PERCENTAGE OF 14% 

AND SOME HIGHER PERCENTAGES. 


Thickness | Moment | Area of || Thickness} Moment | Areaof || Thickness) Moment | Area of 
| of Slab in Steel per || of Slab in Steel per || of Slab in Steel per 
in Inches | 1000 Lineal || in Inches | 1000 Lineal || in Inches | 1000 Lineal 
and Feet | Foot Lhs.} Foot and Feet | Foot Lhs. | Foot and Feet | Foot Lhs. | Foot 


65 | 1.08 ae 180 | 1.80 || 144”] 1030] 4.32 
6” 75 | 1.51 G') 252 | 3.60 ||(12’) | 1450] 8.64 
G3") 91 | 2.16 395 | 7.20 | 1687! 1410] 5.04 
17 | 3.23 217 1.98 (14’) 1970 | 10.08 

143 | 4.32 || 66” pe 
ig (5 5) 305 3.96 192” 1840] 5.76 
g0 | 1.20 ||? 7|_ 478 | 7.92 || (16’) | 2670] 11.52 
- 93 | 1.68 || 72” | 269 | 2.16 || 216”| 2330] 6.48 


$33) 112 | 2.40 || (6’) | 363 | 4.32 || (18) | 3260| 12:96 
: 144 | 3.60 |/"78” | 304 | 2.34 || 240” | 2870| 7.20 
176 | 4.80 || (6.5’)| 425 | 4.68 || (20’) | 4030] 14.40 
y 83 | 1.26 || 84” 353 | 2.52 || 288” | 4140] 8.64 
2" | 102] 1.76 || (7’) |_ 493 | 5.04 || (24’) |_5800| 17.28 
(3.5')| 193 | 252 || 907 | 405 | 2.70 || 336”| 5640| 10.08 
a ~ ||(7.5')| 567 | 5.40 || (28’) | 7900] 20.16 
5! 101 1.35 ——- 
3.75! 117 | 1.89 || 96” 461 2.88 || 384” | 7380] 11.52 
8.75')) 142 | 2:70 || (8’) | 645 | 5.76 || (32’) | 10300] 23.04 
tie | 1.44 || 102”| 520 | 3.06 || 432”| 9360| 12.96 
48’ 134 | 2.02 || (8.5")| 729 | 6.12 || (386") | 13100 | 25.92 
(4’) 161 | 2.88 || 108” | 582 | 3.24 || 480” | 11500} 14.4 
263 | 5.76 || (9) 817 | 6.48 || (40’) } 16100] 28.8 
146 | 1.62 || 120” | 720 | 3.60 || 540” | 14600 | 16.20 
54” | 169 | 2.27 || (10’)| 1010 | 7.20 || (45’) | 20400 | 32.4 
(4.5)| 204 | 3.24 || 132” | 870 | 38.96 |} 600” | 18000] 18.0 
320 | 6.48 || (11') | 1220 ! 7.92 |! (50’) | 26200 | 36.0 


n inches. For values of coefficients see explanation of Slab 
ables. For 4%, %4% and %% coefficient=50, 70 and 90, 
espectively. 
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BENDING MOMENTS IN FOOT-POUNDS IN SIMPL: 
LOADED WITH A TOTAL LOAD FROM 


SPAN IN FEET 


per 


Total Load ~ 
Square Foot 


6 


6’ 6” | i lS f= 


30 48 75 91 |. 108.) 127 |. 147) 169) 1) 802 ta 
100} 160] 250} 303} 360] 423} 490| 560] 640) @ 
ilo} 176] 275) 333) 396} 465) 039 | .620 7 704 \0or 

_ 120] 192} 800] 363] 482| 508} 588) 676) 768) 8 
130] -208 | 3825] 394] 468] 550] 6387 | 732] 832] 94 
140|..224 | 350] 424] 504] 592) 686] 788} 896) 10125 
150} 240] 3875 | 454] 540] 6384] 735} S845} 960 | 1084 — 


a 
23 
95 
68. 
AQ 


160| 256} 400} 484) 576] 671) 784] § 1024 | 1157 — 
170| 272) 425 | 514] 612] 719} 833-) 958 | 1088 | 1230m 
180} 288} 450} 545] 648] 761] 882 | 1014 } 1152 | 1300_ 
190) 304} 475} 575] 684) 803 | 931 | 1070 | 1216 | 1578 

200; 320] 500] 605] 720) 845] 980 | 1125 | 1280 | 1445_ 


225| 360] 563) 681 | 810 | 952 | 1100 | 1270 | 1440 | 16307 
250; 400) 625] 757} § 1058 | 1230 | 1410 | 1600 | 1810 — 
275| 440| 683] 832] 990 | 1164 | 1350 | 1550 | 1760 | 1990° 
300} 480 | 750} 908 | 1080 | 1268 | 1470 | 1690 | 1920 | 2168" 


350} 560) 875 | 1060 | 1260 | 1480 | 1720 | 1970 | 2240 | 2530 
400| 640 | 1000 | 1210 | 1440 | 1690 | 1960 | 2250 | 2560 | 2890 
500} 800) 1250 | 1512 | 1800 | 2115 | 2450 | 2820 | 3200 | 3620_ 
600| 960} 1500 | 1815 | 2160 | 2540 | 2940 | 3370 | 3840 | 4340 


700} 1120 | 1 750 | 2118 | 2520 | 2960 | 3480 | 3940 | 4480 | 5050_ 

80 | 2000 | 2420 | 2880 | 38380 | 8920 | 4500 | 5120 | 5780. 
900} 1440 | 2250 | 2722 | 3240 | 3800 | 4410 | 5060 | 5760 | 6500 

1000} 1600 | 2500 | 3025 | 5600 | 4225 | 4900 | 5625 | 6400 | 7225— 


2 
The bending moments are figured by the formula o 
when p total load per square foot, 1 clear span in feet. 
For slabs freely supported, the bending moments increase 
by 25%. This table can also be used for finding the bending 
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| SLABS PER LINEAL FOOT OF SLAB, IF UNIFORMLY 
'30 TO 1000 LBS. PER SQUARE FOOT. ‘ 


SPAN IN FEET 


Total Load 
Per Square Foot 
or per Lineal Foot 


700| 5670 | 6310 
800| 6480 | 7210 
900} 7290 | 8110 
1000} 8100 | 9025 


10 106" a ave 


12 ae 


13 


2250 | 2480 | 2720 
2500 | 2760 | 3030 
2750 | 3040 | 3330 
3000 | 3320 | 3630 


3900 | 3860 | 4240 
4000 | 4410 | 4840 
5000 | 5510 | 6050 
6000 | 6610 | 7260 


7000 | 7710 | 8470 
8000 | 8820 | 9680 
9000 | 9920 |10890 
10000 |11025 12100 


397 
1320 
1460 
1590 
1720 
1850 
1990 


2120 
2250 
2380 
2520 
2650 


2980 
5320 
3640 
3970 


4630 
5290 
6610 


7980 


9260 
10590 
11900 


3225 


468 
1560 


4680 


5480 
6250 
7800 
9380 


10940. 
12500 
14060 
15620 


508 
1690 
1860 
2030 | 
2200 
2370 
2540 


2710 
2880 
3040 
3220 
3380 


3810 
422() 
4650 
5080 


5920 
6780 
8450 
10140 


{11800 
13520 
415210 
16900 


moments in beams and girders in substituting for the load per 
square foot, the total load per lineal foot of the beam or 


girder, 


24 MENSCH, THE REINFORCED 


BENDING MOMENTS IN FOOT-POUNDS IN SIMPLE 
LOADED WITH A TOTAL LOAD OF 


wae SPAN IN FEET _ 
=3: E 
a7 4 
= 8) 134 | 14 15 15 | 16 | 164 | 17 | 173 
30| 548| 588| 630| 675| 720} 770} 818| 867] 920 
100| 1830] 1960| 2100} 2250} 2400} 2560} 2720] 2890} 3070 


110} 2010} 2160} 2310} 2470} 2650} 2820} 3000 
120] 2190) 2350) 2520} 2700} 2880} 3070} 3270 
430} 2370} 2550) 2730) 2930} 3120] 3330] 3550 
140] 2550) 2740} 2940} 3150] 38360) 3580} 3820 
160} 2730} 2940; 3150} 3380] 3600} 3810] 4090 


160} 2920] 3140) 3360] 3 3840] 4100) 4850 
170; 3100} 3330] 38570] 38830) 4100) 4850) 463 

180} 3280] 35380} 3780} 4050} 4340} 4600] 4900 
190| 3460] 3730) 3910) 4280} 4560) 4860} 5180 
200} 3650} 3920} 4200} 4500) 4800} 5100) 5440 


os 
te 
es) 
S 
o9 
os 
Bw 4 
S “ 
Ree re. ee Eee, 


226} 4100} 4410) 4725) 5060) 5400] 5750) 6120 
260} 4560} 4900} 5250} 5630] 6000] 6380] 6800 
276} 5010} 5400} 5775} 6200) 6600} 7030) 7500 
300} 5480} 5890} 6300} 6750| 7200| 7680] 8180} 8660] 9200 
10100|10700 
11600 /12300 
14450 |15300 
17300 |18400 


20200 |21500 
23100 |24500 
26000 |27500 
28900 |30500 


350| 6390} 6850) 7350} 7900} 8400} 8950] 9520 
400} 7300] 7830} 8400} 9000] 9600) 10200 | 10900 
600} 9110} 9800) 10500] 11250 | 12000 | 12800 | 13600 
600 | 10920 | 11800 | 12600 | 13500 | 14400 | 15300 | 16300 


700 | 12780 | 13700 | 14700 | 15800 | 16800 | 17900 | 19100 
800 | 14600 | 15700 | 16800 | 18000 | 19200 | 20500 | 21800 
900 | 16400 | 17600 | 18900 | 20250 | 21600 | 23000 | 24500 
1000 | 18225 | 19600 | 21000 5 


2 
The bending moments are figured by the formula ar 


To find the proper thickness of slab and the reinforcement 
required, see pages 16 to 21. The cheapest slab is that, which 
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SLABS PER LINEAL FOOT OF SLAB, IF UNIFORMLY 
30 TO 1000 LBS. PER SQUARE FOOT. 


SPAN IN FEET 


‘10a Lao © 


— 
He 
o 
_ 
os 
2s 
ss 
=. 
"”. 
s 
— 
= 
o 


24 | 25 


9800 |10600 
10400 |11200 
10950 |11800 
11500 |12500 


8000 


8120] 9000} 9930} 10900 | 11900 | 18000 |14000 
9120 | 10000 | 11000 | 12100 | 13250 | 14400 |15600 
9900 | 11000 | 12150 | 18300 | 14550 | 15900 |17200 
12000 | 13250 | 14500 | 15900 | 17300 |18700 


12600 | 14000 | 15450 | 17000 | 18500 | 20150 |21800 
14400 | 16000 | 17650 | 19400 | 21200 | 23100 |25000 
18100 | 20000 | 22050 | 24200 | 26500 | 28800 |31300 
21600 | 24000 | 26450 | 29000 | 31800 | 34600 |37500 


25300 | 28000 | 830850 | 33800 | 37000 | 40300 |43600 
28800 | 32000 | 35300 | 38800 | 42300 | 46100 |49900 
32400 | 36000 | 39700 | 43500 | 47600 | 51900 |56100 
40000 57600 |62500 


700 | 22700 | 24000 
800 | 25900 | 27400 
900 | 29200 | 30800 
32400 | 34300 


is reinforced by 14 to 144%; only, if the cost of steel is very 
low in comparison with that of concrete, a slab reinforced 
by 84% may prove the cheapest slab. 


y 


26. MENSCH, THE REINFORCED = 


BENDING MOMENTS IN FEET-POUNDS IN SQU 
MAIN DIRECTIONS, IF UNIFORMLY LOAD 


SPAN IN FEET 


Total Load 
Per Square Foot 


278|183| 287| 346| 413] 485] 562) 644| 735) 830) 930|1040_ 
300|200| 313] 378} 450| 528] 612] 702} 800| 905|1010|1130_ 


350| 233} 365) 440) 525] 615} 714) 820} 935 | 1060] 1180 | 1320 
400) 265} 416) 505) 600) 702} 816) 935] 1070 | 1210] 1550) 1510_ 
600}333| 521) 6380} 750} 880] 1020} 1170} 1340 | 1510 | 1690 | 1880 
600| 400} 625} 755) 900] 1060 | 1230 | 1410 | 1600 | 1810 | 2020 | 2260 © 


700} 465} 730) 880} 1050] 1230] 1430 | 1640 | 1870 | 2110 | 2370 2630 
800 | 530} 835] 1010) 1200} 1410} 1630 | 1870 | 2130 | 2420 | 2700 | 8020 
900| 600} 935] 1130) 1350 | 1580 | 1840 | 2110 | 2400 | 2720 | 3050 | 3380_ 


1000 | 667 | 1040} 1260] 1500 | 1760 | 2050 | 2350 | 2670 | 3020 | 3380 | 3760_ 


The bending moments are figured by the formula aa 


when p the total load per square foot and 1 clear span in feet. 
Where the slabs are not exactly square, but do not vary in” 
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SLABS, PER LINEAL FOOT OF SLAB IN BOTH 


iWITH 30 TO 1000 POUNDS PER SQUARE FOOT. 


Total Load 
Per Square Foot 


SPAN IN FEET 


12 


124 


14 


15 


275 | 1150 
300 | 1250 


350 | 1460 
400 | 1670 
500 | 2080 
600 | 2500 


700 | 2920 
800 | 3330 
900 | 3750 
1000 | 4150 


length to width more than the 


138) 151) 166) 180 
461| 505) 552) 600 
508} 555) 602} 660 
552| 606) 662) 720 
599} 656) 719} 780 
645| 707) 773] 840 
690} 758} 830) 900 


735) 809} 882) 960 
782| 860} 940| 1020 
830} 910} 992| 1080 
875} 961) 1050} 1140 
20} 1010} 1110} 1200 


1030} 1140) 1240) 1350 
1150) 1270} 1380} 1500 
1270} 1890) 1520} 1650 
1380} 1520} 1660} 1800 


1610} 1770} 1930 2100 
1840} 2020} 2210) 2400 
2300} 2530} 2760) 3000 
2760} 3040) 3320) 3600 


3220] 3540} 3870} 4200 
3680} 4050} 4420] 4800 
4150| 4550 4970) 5400 
4610} 5050} 5520| 6000 


6510 


245 
815 
900 
980 
1060 
1140 
1220 


1310 
1390 
1470 
1550 
1630 


1840 
2050 
2250 
2450 
2850 
3260 
4080 


4900 | 5: 


5700 
6520 
7340 
8150 


281 

937 
1030 
1130 
1220 
1310 
1410 


1500 
1590 
1690 
1780 
1870 


2110 
2350 
2580 
2820 


3280 
3750 
4700 
5620 


6550 
7500 
8450 
9370 


ratio 1:1.333, we substitute for 


1 the mean of the two sides. For proper slabs and reinfore- 
ing, see pages 12 to 19. In freely supported slabs the moments 


increase 25%. 


ia 
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BENDING MOMENTS IN FOOT-POUNDS IN SQUARE 
SLABS PER LINEAL FOOT OF SLAB IN EACH 
DIRECTION, IF UNIFORMLY LOADED WITH 30 TO 


1000 LBS. PER SQUARE FOOT. 


a nnn eee nnn SEnEESSIEEDNSTEEEae 


SPAN IN FEET 


Total Load 


Per Square Foot 


8050} 10400 
10100) 13000 
12100) 15700 


ss jipilklting Lid je nc healed ec aatulal aid alll ae 


14100] 18300 | 


16100} 20800 
18100) 23500 


20200) 26100 — 
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pet 2 
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ae 
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MENSCH, THE REINFORCED 


THICKNESS AND AREA OF REINFORCING 


Load on Ground a 
per Square Foot} 3000 | 4000 5000 6000 8000 | 10000 
in Pounds , 4 
Bending Bending Bending Bending Bending Bending 
Projection Moment Moment Moment Moment Moment Moment 
in Feet Thickness | Thickness | Thickness | Thickness | Thickness Thickness 
Area of Steel | Area of Steel | Area of Steel) Area of Steel | Area of Steel | Area of Steel 
1500 2000 2500 3000 4000 5000 
1 Ua 9 6” 8” 8” 9” ] 0” ] Qi = 
Ls -20 .20 .30 B10) .30 
2350 | 3140 | 3930 | 4720 6280 7850 3 
if ake He 8” g” | 0” io” 12” 1 2” - > 
20 10) .30 .30 36 Oo 3 
-/P ~ = mye Chord a 
3370 4500 5620 6730 9000 11300 — 
1 '_6” 9” | 9” | a 1 ot ! ae 1 5” * 
200 a 206 40 40 0 RS 
4600 | 6140 | 7680 | 9210 | 12300} 15400 
1'-9” 12” 12” [2 14” 15” 18” E 
.o0" 36 .00 40 .00 50 | = 
6000 | 8000 | 10000 12000 | 16000 | 20000 
2'-0" l 9" l gt l 4” 1 5” 1 8” 20” . 
200) 36 40 .00 .00 50. 
7600 10200 12700 15800 20300 25400 
2'-3” Ve 15” 15” 18” 20” 24” 
40 .40 .60 .00 .60 10: ae 
9500 | 12600 | 15700} 18900 | 25200! 31500 _ 
Gy '=6" 14” 1 5” | 8” 20” 24” 24" 
40 .60 50 .60 70 1.00 
11400 15200 19000 22700 30400 838000 
2'-9" 15” 18” 20” 22" 24” 30” 
.00 00 .60 10 .90 90 
13500 18000 22500 | 27000 36000 | 45000 
3 19" | 8” | 8” 20” 24” 97" 30” 
.00 70 .S0 70 .90 1,00: 


ira ee 


The bending moment is figured by the formula 


el” 
2 


when p the load on the ground per square foot and 1 the pro- \ 
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PER LINEAL FOOT OF WALL FOOTINGS. 
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(Load on Ground 
jper Square Foot} 3000 4000 6000 8000 | 10000 
jn Pounds 
Bending Bending Bending Bending Bending Bending 
Projection Moment Moment Moment Moment Moment Moment 
in Feet Thickness | Thickness | Thickness | Thickness | Thickness | Thickness 
Area of Steel | Area of Steel | Area of Steel | Area of Steel | Area of Steel | Area of Steel 
15800 21100 26500 31700 42400 52800 
Er ir 18” 20” 24” 24” 30” 30” 
}9) 10 .70 90 95 1.50 
18400 24500 30600 36700 49000 61500 
3/-6” l 8” 24” 24" a7 30” 36” 
75 .70 .90 995 1.20 1.20 
21200 28200 35300 42300 56400 70400 
3'-9” 24” 24” 27” 30” 36” 36” 
.60 .85 .90 .99 1.00 1.30 
24000 32000 40000 48000 64000 80000 
4’-0” 20" 24” a7” 30” 36” 36” 
-66 .86 a07 1.00. 1.00 Lato 
30300 40500 50700 60800 81000 | 101000 
4'-6” 24” a7" 30” 36” 36” 42” 
nie4 1.00 1.10 1.00 1.80 1.76 
37500 50000 62500 75000 | 100000 | 125000 
5’/-0” 97" 30” 36” 36” 42” 48” 
.8L 1.00 1.00 1.50 1.75 1.50 
45300 60300 75500 90700 | 121000 | 151000 
5/-6” 30” 36” 36” 40” 48” 48” 
.90 1.00 1.50 1.44 1.50 2.50 
54000 72000 90000 | 108000 | 144000 | 180000 
6’-0" 32” 36” 40” 42” 48” 54” 
.96 1.40 1.44 1.80 2.4 2.4 
73500 98000 | 123000 | 147000 | 196000 | 246000 
ur le 9 Yee 36” 40” 48” 48” 54” 60” 
1.40 192 1.50 2.40 3.00 3.50 


ection in feet. 
nultiply area with 3.4. 


To find the weight of ste 


el_per sq. ft. 


Side in Feet 


5/-0” 


5 6" 


6’ 


MENSOH, THE REINFORCED 


PROPERTIES OF 


2 


3 3 2 ¥ 
= s 2 wn € s o s 5 2 S : 
Es =e 2 EB g = S| S2R| a2 
zs| 2 | 22) 29|=3| 28) =5| 52 
s2| 32 |= es|8=| s2| 2e/ Ss 
35 =. = a 4 = =| a = ns 
BE| eg" |= | 2 =|) oa 

3 5 a > 

3 6 72| 12 2 

4 6 78| 14 22 

5 6 90| 16 25 

6 6 96| 16 27a 

8 6 | 1.08} 17 | 30° 
10 8 1.20] 20 33 

3 6 .88| 16 28 

4 6 | 1.01] 18 32 

5 6. | 1.15] 20 36 

6 6 | 1.22] 21 38 

8 8 | 1.42] 26 44 
10 8 | 1.56] 27 49 

8 75 | 10 6 | 1.05] 20 37) 

4 100 | 12 6 | 1.28] 24 46 

5 125 | 12 6 | 1.44] 26 BI 

6 150 | 14 8 | 1.50] 31 63 

8 200 | 14 8 | 1.80] 34 64 
10 250 | 16 8 | 1.96] 37 70 

3 90 

4 120 

5 150 

6 180 

8 240 
10 800 

oS 108 

4 144 

5 180 

6 216 

8 288 
10 360 


Where the column bases are considerably larger than given 
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COLUMN FOOTINGS 
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= rs Z wo es ~ = = 
= | 23) 22/2 |2.|8.| £8/ 8e| de 
= | 22) 25 | 22/228/ =9|=5| t2)/ =8 
2 S2/ 82 | s*| =| €7/ s#| f2/ Ss 
ses z= a 2 S ==e/ oe = 
oY g é 
53 126 ab) 19 6 1.85 42 84 
4 169 14 21 8 2.05 49 94 
6’-6” 5 211 14 24 8 2.35 55 107 
6 253 16 26 ily 2.500 66 116 
8 338 18 30 12 2.95 76 134 
10 AZo 4 Dy "Bg V2 11) 8.851 © 82" | 4182 
8 147 1s 20 8 2.10 56 102 
4 196 14 23 8 2.45 61 119 
7/9" 5 245 16 26 8 2.75 70 133 
6 295 18 28 1 2.95 81 142 
8 392 20 33 12 3.50 92 170 
10 490 22 36 15 3.80} 105 184 
3 168 14 22 8 2.50 66 130 
4 225 16 25 8 2.85 14 148 
7'-6" 5 282 18 28 8 3.15| 82] 163 
6 338 20 30 12 3.40 90 175 
8 450 22 35 12 3.95} 109 205 
10 560 24 39 15 4,40| 132] ~228 
8 192 14 23 8 DO 75 78 152 
4 256 16 26 8 3.15 85 174 
8’ 5 320 18 30 8 3.60 90 200 
6 384 20 32 12 8.851 14 | 216 
8 512 24 37 15 4.45| 187 245 
10 640 24 42 15 5.05} 152 | 280 
3 216 16 24. 8 3.05 90 180 
4 288 18 28 8 3 56] 100] 208 
8/-6” 5 860 20 31 8 8.95} 110 | 230 
6 432 22 34 12 i 385| 182 | 256 
8 578 24 40 15 5.10] 1656 | 300 
10 720 26 44 iN) 5.60} 166 330 


ubove, the depth of the 


footings may be diminished, 
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PROPERTIES OF 


tix |4 ee 
s | F2) 2212,/ 8.) 8.) 28| 22) 22 
2 | 2s| s2 | 32) 22| =z ce 3 =e 
3 243 | 16 | 26 8 | 3.50] 106] 218 © 
4 324 | 18 | 30 8 | 4.10] 120] 265 = 
9! 5 | 405 | 20 | 33 | 8 | 4.50) 191 | 280mm 
6 486 22 36 12 4.90} 153 305 
8 648_| 25 | a2 | 15 | 6.70] 18RJ gen 
10 | 810 | 27 | 47 | 15 | 6.30] 204] 390 5 
3 27 | 18 Je 8 | 3.90| 123 | 265 
+ 362 20 31 8 4.50} 135 295 
9'-6” 5 4538 22 35 8 5.00] 150 325 
6 542 | 24 | 39 | 12 | 5.60] 183] 366 
8 723 26 44 15 6.30]; 216 | 410 
10 950 30 51 15 7.30| 236 | 475 
3 300 18 29 8 4.40} 139 300 
4 400 20 33 8 5.00} 156 340 
10’ 5 500 22 37 8 5.60} 173 385 
6 600 | 24 | 40 | 12 | 6.00] 206] 410 ~ 
800 27 47 15 7.10} 256 485 
10 1000 30 52 18 7.80| 284 530 
5 330 | 18 JA80 8 | 4.80] 157 | 345 
4 440 | 20 | 365 8 | 5.60] 178 | 405 
10'-6”| 25 550) 2 ieee 8 | 6.20] 200 | 445 
6 660 26 42 12 6.70| 233 | 480 
8 880 | 28 | 49 15 | 7.80) 282 | 660 
10 1100 32 55 18 8.70| 329 625 
3 | 363 | 20 | 32 | 8 | 5.30| 182] 400 
+ 484 22 36 8 6.00} 202] 450 
11’ 5 605 24 41 8 6.80| 226 510 
6 726 27 44 12 7.30| 266 | 550. 
8 968 30 51 15 8.50} 319 640 
10 1210 82 57 18 9.50) 362 716 
Where the column bases are considerably larger 


than given 


COLUMN FOOTINGS 


Side in Feet 


20’ 


Load on Ground in 
1000 Pounds per Square Foot 


DSWD W | OCOD te 


SWB Ore co 


a 


it 
S OS StH 


a 
© Oo OH co 


Total Load on Footing 
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in 1000 Pounds 


Least Side of Column Base 
Inches 


Depth in Center 
in Inches 


24 39 
27 44 
28 48 
32 56 
34 62 
22 36 
26 42 
28 48 
30 52 
34 60 
36 67 
24 40 
27 46 
30 5I 
32 56 
36 64 
40 72 
26 42 
28 49 
32 55 
34 60 
40 70 
42 78 
32 57 
36 66 
40 713 
48 80 
56 97 
60 106 


Depth at Edge 
Inches 


Area of Steel 
in one Direction 


17.10 
19.80 
21.90 
24.00 
29.20 
31.80 


35 


in Footing 
in Footing 


Cubic Feet of Concrete 
Weight of Steel 


224 

256 585 
284 650 
336 716 
424 830 
464 920 
282 630 
315 730 
357 840 
413 905 
521 | 1040 
592 | 1160 
343 810 
387 930 
433 | 1030 
606 | 1130 
631 | 1290 
725 | 1450 
406 970 
469 | 1130 
525 | 1270 
612 | 1360 
774 | 1610 
881 | 1800 
925 | 2340 
1057 | 2700 
1167 | 3000 
1380 | 3280 
1750 | 4000 
2020 | 4350 


bove, the depth of the footings may be diminished, 


36 MENSCH, THE REINFORCED 
PROPERTIES OF REINFORCED 
= 


Excess = 
Area | Load for |73x8” 93x10” 


FOUR ROUND BARS 
Gas Pipes 


FOUR SQUARE BARS 


Diameter |qrea and Weight 4 Round} and | Square 2 
in Inside | Total Rods at | Weight | Rods over) x¢7 #96 = 
Inches of Diameter | Weight | §750 per = 
Four Rods and of 27 
. Length | 4 Pipes | 1900 ths. 7000)$43000) . 
= : 5 
@ 2.7 E 
ese 1.22 = 2 BI 
8 4.2 ted Cs : 
| 1.76) | ae 1 oe 9 hs 55 
4 6.10 = : 
| 2.40 | E | 18.0 | 16.2 59 
8 8.20 a: 
3.14 1h” | ov 9 64. 
I 10.7 a’ 6” |“! ee "a 
pi 3.97 1h” | oy 97 70 
Is] ass | rer | ‘ 
pa hae 4.90 ar 29 76) 
Ima | 16:70 | oq” | 20 | 8: “ 
eis 5.93 2” 
1 8 20.2 FAB 0 > : 
vba 7.06 of 7 
] 2 | 24.1 ! 40 47.5 
ee 8.24 ay Re 
] 8 28.2 ov qr 40, 00,0 q 
eS 9.6 24” | - 34.8 
i a | 8857 3/0" | 70 64. 
oe pk 06 24” | - oa 
1 ; ‘as 3" 0" 70. 75.0 
’ " 
2 ie a 70. | 85.0 
Cubic Feet of Concrete perLineal Foot - ~- .42 .67 
Diameter of Round Column of same Areas 8.75 | 11.1 
Diameter of Octagonal Column of same Areas 8.6 {10.9 


ee arenes estes nese oie Pe Ee SN 
*Denotes the area in square inches of the conerete section 
as well as the weight of column per lineal foot, 
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CONCRETE COLUMNS. 
MONS OF COLUMNS IN INCHES 


14x12” Sct he ee 194x193" 21x21}” |23x231” 
#138 | *182 | *240 | #305 | *375 | #450-| #530 
{62000 | {81000 | 108000 | t137000 | t169000 | +202000 | +238000 
67 86 | 
| a 
70 89 116 
74 93 120 149 : 
78 97 124 163 185 218 Bie 
83 102 129 158 190 223 269 
89 108 135 164 196 229 265 
95 114 141 170 202 235 271 
102 121 148 | 177 209 242 278 | 
110 128 155 185 217 249 286 
‘137 164 192 225 258 oe 
; | 146 173 202 234 267 303 
183 212 244 277 313 
222 254 287 323 
OMT, Sis yl.et 16, 212: |) 2.er | 3.14 | 8.70 
13.25 15.25 17.50 19.75 21.90 24.0 26.0 
13.0 15.0 17.2 19.4 21.5 23.7 25.6 


¢Denotes load carried by the concrete alone, 
The black figures denote the column loads in 1000 Ibs, 
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MENSCH, THE REINFORCED 


PROPERTIES OF REINFORCED 


SIX ROUND BARS 


SIX SQUARE BARS DIME 


Gas Pipe Sleeves | Load Car- Excess 
’ ried by | AQ | Load in }173x172”|193x192” 
Diameter |Area and Weight inside | Totar | © Round and - Lhs. 
in nside 0 Weight for Square} xoo5 | x975 
Inches af Diameter | Weight beer “3 of | Rods _~ 305 3 
Six Rods and of So." in | 6 Square Loads 137000'T169 
Length | 6 Pipes | sopy iy | Rods cir \ 3 
4.7 1h” 6.00 201 
1 16.1 26E 2 20.4 | 8.8 : 
hy ee eB 7 14” | 49 7.56 209 
Is) 20.3, | o'er | 2°: 25.70| 10.7 % 
7 — 2 
ate 7.36 2° 30) 9.37 186 219 = 
la} ost | arg | © 31.80) 13.5 ; 
A 
a he 8.9 uy a0) 11.34 197 | 229 - 
Is} 30.3 | 279" | © 38.50| 16.4 E 
af 106 2) pn 13.50 208 | 240 
12 | 361 | 2’ 97 | 8 46.00| 19.6 | 
eon ete. as R 15.80 22 253 
Is"| 42.3 | 979" | 53.70) 22.7 F 
3.| 14.43 | 28" hoo 18.40 034.) Sa 
1 4 49.1 a0" ae 62.50) 26.9 a 
| 16.55 | 2)" bios 21.10 24g} 2800 
1 8 56.30 | 3/0” “pe 71.50) 30.6 ’ 
18.84 24” 102 24.00 264 | 296° 
2 | eae | sor pO 81.60] 34.7 | “°*| 290m 
Se fs 2a o oO a ly 30.4 | 
2 4 81.2 3’ 6” le 103.00} 44. 
Cubic Feet of Concrete per Lineal Foot : 2.12 | 2.61 
Diameter of Round Column of same Area 19.75 |/21.9 | 
Diameter of Octagonal Column of same Area 19.40 |21.5 


“Denotes the area in square inches of the concrete section. 
as well as the weight of column per lineal foot. 
¢Denotes load carried by the concrete alone, 


CONCRET 


JCONCRETE COLUMNS. 


E POCKET BOOK. 


GIONS OF COLUMNS IN INCHES 


21x21” /23x23}”| 25x25)” 27x27)" 29x29”) 31x31” 
#450 *63 *739 #840 *960 

£202000 284000 | £330000 | £378000 | +431000 

| 

234 316 362410 463 

242 324 370 | 418 47\ 

252 | 334. «380 | 428 481 

262 344 390 | 438 491 

273 355 401-449 502 

286 368 414 462 515 

299 381427 478 528 

313 395 441489 542 

329 aul) 487 aA oa 558 

363 445 491 539 592 
3.14 4.4 5.11 5.86 | 6.70 
24.0 28.4 30.6 | 32.7 | 36.0 
23.7 21.80 | 300 vch-B2.2. he BAA 


The weight of coils per foot=1/20 side of column in inches. 
The black figures denote the column loads in 1000 pounds 


when round bars are used. 
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PROPERTIES OF REINFORCED 


EIGHT ROUND BARS EIGHT SQUARE BARS ol 


Gas Pipe Sleeves | Load Car- Excess : 
————| ried by | Ate’ | Load in 193x192” 21”x213” 
1000 Lbs. 


Diameter |area and Weight actor te Round ae a : 
in i as oa wl of ory i *375 
Inches | Fight Rods tae see id 1" ~ , 8 = sen 169000 
1] 289 | ore | 9% [900 | Sere ass 
Ts bale [ator | 8 | 800+ 1's] on.8 
=| iso | oo] © ean 311 | 263 ; 
I | see [oro | © 2° | aieoba0.8 ‘ 
: —, cS 
IT | gee | 307 | 19% [180-0 | ga'99) 95.5 } 
I] rey | stor | 295 /149-0 | Seo | 41.9 
: 2 | see | aro [289 [270-0 | 109'9| 46.4 3 
2 | sae | sro [222 PS: | 70:0 | 73.0 | 
27 | ers [aro [229 B20 |ooe'e| 97.8 
Bo) BOA leer | 240; 888.0 
Cubic Feet of Concrete perLineal Foot - - -~ - 2.61 |) 3.14 
Diameter of Round Column of same Area : 21.9 |24.0 
Diameter of Octagonal Column of same Area relays 21.5 |23.7 
See er, ER 93x1 o”11 jx1 2"13{x13)" 15}x15%" 17{x173"" 


Requireform lumber B.M. perLin. Ft) 8. | 8.9 9.7 10.7 11.6 
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CONCRETE COLUMNS. 


GIONS OF COLUMNS IN INCHES 


123x234" | 25x25}"| 27x27}"| 29x29") 31x31” | 33x33” | 35x35” 
*735 | *840 | *960 | #1090 | ¥*1225 


* 
i) 
2) 
oS 
* 
> 
Go 
(==) 


D3 


238000 | £284000 | £330000 | +878000 | 431000 | 490000 | 1550000 


350 396 444 497 556 616 


364 410 458 511 570 | 630 
379 425 473 526 585 645 
396 442 490 543 602 | 662 
414 460 | 508 | 561 620 | 680 
433 479 527 580 639 | 699 
454 500 548 601 660 | 720 
496 545 593 646 705 | 765 
546 595 643 696 765 815 
700 753 812 872 

872 932 

4.4 5.11 5.85 6.70 7.60 8.5 
8.4 30.6 32.7 35.0 37.3 39.4 
7.8 30.0 32.2 34.4 36.6 38.7 


| 
941x194”) 21x214” 23x23L" 25x25}”| 27x274", 29x29" 131131”/33x33” 


14.0 15.0 18.0 19.0 20.4 21.8 23. 24.3 
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DIAMETER 
Area of round Section, square inches 
Area of octagonal Section, square inches . 
Outside diameter of Helix inches 
Area of core of Helix bie 
Load carried by core at 720 Ibs. per sq. inch 


PROPERTIES O 


12” | 13.5” 


148 


Thickness 
of Helical 
Reinforce- 
ment 


Area | Reinforcement Wslix 


in fraction of 
Weight lpiameter of Helix) PF foot 


~4"- | 0491 : ots 
4. 167 a 63 
See eOTET) Fy a 
9, ) . 
S| er ay 9.75 
s3m, ||) 1104 $ re 3 
Q75 10 
8 375 ws , 
7 1503 t 12.9 
46°) $11 ay 16.2 
its 
1 |-1963] - 3 
2 LViled z } 0 
-667 a 
Pty ES Ae 
8 11.048) % 
5 12 
3 4418 f 
“4 1.508) 3 


Longitudinal Reinforcement 
Area of “ 


Weight per tin, foot of Longitudinal Reinforcement . 
Load carried by Longitudinal Reinforcem’t at 10800 Ibs. per sq. inch - 


HY pT 
(0d) eo) ear 


133 177 
141 185 
149 193 


151 | 195 — 


163 | 207 © 
176 | 220 © 
172 | 216 © 

eal 
252 rs 
243% 
268 


19000 |26000 34000 


Use 1:3 conerete mixture for these columns. 
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(CONSIDERE COLUMNS. 


Columns in 1000 pounds 


220 266 340 421 493 636 
228 274 348 429 501 644 
236 282 356 437 509 652 
238 283 357 438 510 653 
250 296 370 451 523 666 
263 309 383 464 536 679 
259 305 379 460 532 675 
278 323 397 478 550 693 
295 341 415 496 568 711 
286 332 406 487 559 702 
311 357 431 512 584 727 
336 382 456 537 609 752 
315 361 435 516 588 731 
348 394 468 549 621 764 

425 499 580 652 795 

434 508 589 661 804 

486 550 639 711 854 
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|DIMENSIONS AND PROPERTIES OF GIRDERLESS 
FLOOR CONSTRUCTIONS. 


BAY DISTANCES IN FEET 


| 12! | 13! 14! 
£/2/ .| 3%, | Diam 2 Bo] ¢ _,| dia 2 Bile Diam- 
B2| 2/35/55 /eterof| =| 55) So jeteroff = | 85) SX | cterot 
SABES ie ee ee 
g=|b/e2/Se 3/22/52 s/2s/52 
2s] 2/Ss/S2| wim) 2/55) SS) wah) 2/55) BS | width 
= lsic = — lof Strias) | = =  /ofStripy 3] = = ~~ |of Strips 
= = FS 
100 |4 |.12 | .85 4° 15} U.07 44] .14 | 1.00 
160 |44/.165/ 1.20 6 | .15 | 1.07 6 | .21 |1.50 
200 [5 |.200/ 1.42 64} .20 | 1.42 6 | .22| 1.66 
250 |54) .235] 1.68 919 6 .20 | 1.78 37.) 64| .27 | 1.92 3/3" 
300 |6 |.250/ 1.78 64| .27 | 1.92 64| .37 | 2.65 
if, ih rs wn =~!) oy 
360 |64|.270|/1.92/* — 164| .36 |2.56|¢ 17 | .42 |3.00/” © 
400 |7 |.290| 2.06 7 | 89 |2.78 74| .42 |3.00 
460 |74/.310| 2.20 74| .41 |2.92 74| .54 | 3.86 
600 |74) .365| 2.60 74| .50 |3.55 74| .63 | 4.50 
BAY DISTANCES IN FEET 
| 15! | 16! 17' 
00) 15. |.15 | 1.07 6 | 16.) 1.14 6h) 17 |\12) 
160 |54) .20 | 1.42 6 | .20} 1.42 6 | .26| 1.86 
200 |6 | .28 | 2.00 64| .27 | 1.92 6}| .35 | 2.50 
250 |64)| .35 | 2.60 lgr_ey7 | .36 | 2.56 |o/_Q77 44 13.13 | yy 
300 |7 | .38|2.70/° 17 | .50 |3.58 7 | .60 |4.26 
ad xr W +f 
360 |74| .45|3.20° °|74| .54 |3.84/° ©] 741 65 | 4.62 |° 
400 |74| .54 |3.86 74| .67 |4.76 8 | .70 | 6.00 
450 |74| .63 |4.60 8 | .69]4.90]. |8 | .85 |6.05 
500 |8 | .67 |4.76 8 | .82 16,82 9 | .76 |6.40 
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DIMENSIONS AND PROPERTIES OF GIRDERLE 
FLOOR CONSTRUCTIONS. 


BAY DISTANCES IN FEET 


18' | 19! | 20! 


a] lee] eajmm| Ele] elm] Ele |e | on 
Be|s/5| Se fotero| =| SS) SS letra] = |S) S = | cterat 
z= Z\2s = & | Capital Z\es = 2 Capital Z\2s = & | Cantal 
= f/s/es|/55 s\/fsi/s sj/2s\ss5 
2g] 2/58] 22) mm) 8/55) 52 wm) 2S 5/5 5) win 

a a = of Strip} BE = of Strins) S |S =| = of Strips 

= = = ‘ 
100 {64/.18| 1.3 4-246 | 19] 1.40 4/-4"] 6 | .25 [1.77 4/5” 
160 [64] .25 | 1.8 16/4] 64} .82 | 2.30 |6’-8"] 7 | .32 |2.27 |7’-0” 
2000 [ho tenor deed 7 | .44/3.20 74| .45 |3.20 
260 |74|.45 | 3.2 74) .54.| 3.90 74) .65 /4.60 
300 |74/ .63 | 4.6 8 | .62 | 4.40 8 | .75 |6.30 
350 |8 | .67 | 4.8 8 | 826.80 9 | .75 |6.30 
400 {8 |.88 | 5.9 9 | .80)6.70 9 | .92 |6.50 
460 |9 | .80] 5.7 9 | .92|6.60 10 | .86 |6.10 
500 |9 | .91] 6.5 10 | .86 6.10 10 | 1.1 |7.80 : 
BAY DISTANCES IN FEET ‘ 
5 
1 
| 21' | aA | 20) 
100 | 6} .27 | 1.91 |4’-9"| 64) °25 | 1.78/5’-3"] 7 | .83 | 2.36)5/-07 © 
160 | 7 | .88 | 2.70 |7’-4"1 7 | .46 | 3.26 /7’-8"] 74] .59 | 4.20\8/-0)" ~ 
200 | 74) .54| 3.80 74] .60 | 4.25 8 | .80 | 5.68 
260 | 8 | .67 | 4.80 8 | .76 | 5.40 9 | .87| 6.20 
300 | 9] .67| 4.80 9 | .80 | 5.70 10 | .90 | 6.40 
350 | 9] .86| 6.10 10 | .78| 6.62 10 |1.10 | 7.80 
400 |i0 | .84| 6.00 10 | .96 | 6.80 10 |1.40 | 9.90 
460 |10 |1.00| 7.10 10 /1.20] 8.50 11 1.45 |10.30 
600 10 {1.20 | 8.60 10 {1.30 | 9.20 11 {1.58 11.20 
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1 EXPLANATION OF TEE BEAM TABLES AND RULES 
FOR THE DESIGN AND CONSTRUCTION OF RE- 
INFORCED CONCRETE BEAMS. 


The seemingly irregular sizes of the stems of the Tee are 
« adopted for the reason that in most of the localities of the 
| United States the commercial sizes of lumber are less than 
{the nominal sizes. A so-called 2”x10” plank is often only 
/1%”x9%”, and if the two edges of the plank are sized these 
(dimensions may be still less. This is the reason why beams 
/ No. 1 to No. 98 have a width less than an even number of 
ij inches, while beams No. 201 to No. 265 may be used where 
| lumber in full sizes is obtainable. As stem depth we adopted 
‘the greatest depth which can be formed by the commercial 
sizes of the planks, used for the side of the forms, without 
'any waste. This can be more clearly seen from inspecting 
the table on beam forms. 

The safe bending moment, which may be allowed for these 
beams, were found by the approximate, but safe and con- 
venient rule: Moment in _ foot-pounds=18000Xarea in 
square inches of the reinforcement X depth of stem in feet, 
which stem depth we substitute for the distance of center of 
reinforcement to center of compression. The fibre stress of 
18000 pounds is about 4% of the elastic limit of commercial 
high carbon bars or cold twisted steel bars. 

This rule supposes that the entire compression is taken up 
by the flange or slab, which compression must — the tension 
in the steel rods. Allowing a fibre stress of 400 pounds per 
square inch in compression in the slab, we find that the least 
available width of the flange must = 45 X area of reinforce- 
ment in square inches divided by the thickness of the slab in 
inches. 

This width is, however, also governed by the consideration 
that it cannot be greater than the distance between the 
beams, nor greater than 400 X area of the reinforcement, 
divided by the total depth of stem and flange in inches, or, 
in other words, the reinforcement of the ideal slab cannot be 
less than 4%. It is generally sufficient to check the 
strength of the flange of the Tee beam by the first rule. 
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In figuring the shear of the beams we assumed that the 
thickness of the slab is four inches for all beams haying a 
stem 12%,” deep or less, and five inches for deeper beams, 
and that the allowable shear per square inch of the cross 
section may be 60 pounds without any special provision for 
shear. This does not mean, however, that stirrups may be 
dispensed with. The number of stirrups, even in this case, 
should not be less than the number of lineal feet in the span. 
These stirrups should be spaced 6” ¢.¢, near the supports and 
18” in the center of the beam, and serve mostly the purpose 
of preventing shrinkage cracks at the junction of stem and 
flange. It is not advisable to use beams where the shear ex-_ 
“eeeds 125 pounds per square inch of the concrete section, 
although quite a number of beams with a larger shear have | 
done service for many years. Where the shear exceeds 60 — 
pounds per square inch, the bending up of part of the number — 
of the rods is absolutely necessary, and the number of 
stirrups must be increased. It is not advisable to inerease — 
the number to more than 1% times the number above men- x 
tioned, and it is preferable to increase the size of the stirrup — 
bars. The spacing of the stirrups may be found by the fol-_ 
lowing rule: Substract from the actual shear the shear given ‘ 
in the beam tables and multiply the depth of the stem in 
inches by 10000 times the sectional area of the stirrups and — 
divide by one-half of the above mentioned difference of 
shear values, Experiments prove that the bending up of the — 
reinforcing bars in different adjoining planes increases the ~ 
strength of the beam in shear to a very considerable extent — 
and that we are justified in assuming that the bent-up por- — 
tions of the bars take up at least one-half of the shear, which — 
is not taken up by the concrete, and that the other half is — 
taken care of by the stirrups. 


Where beams are freely supported and uniformly loaded, 
the bending moment is found by the formula, E when p= 


total load per lineal foot, and 1 = span in feet, which is 
somewhat larger than the clear span. For continuous beams 
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on three or more supports, the bending moment at the center — 


may be taken as pl ,» and can be conveniently found in \ 
ia 10 


tables on pages 22 to 25, 


Large negative bending moments appear in continuous. 


beams over the supports, producing a reversal of stresses at 


these points. While present practice has fully decided to — 


take care of the full negative moments in case of continu- “ 
ous slabs, by placing the same amount of reinforcing on top — 


of the slabs over the supports as at the underside in the 
center, the practice in regard to continuous beams is yet un- 


decided. This may be ascribed to the fact that signs of 
weakness of continuous Tee beams at the supports are very — 


rare and may be explained by the assumption that the con- 
erete slabs take up a great portion of the tensile stresses. 
The short brackets forming an angle of 60 degrees or more 


with the horizontal, as frequently found in practice, are — 


mostly adopted for good luck and without any statical con- 
sideration; their adoption considerably increases the cost of 
the structure and simply shifts the weak point a few inches 


away from the columns and, besides, tends to increase these ~ 


negative moments. The practice of to-day has the tendencey 


to suppress the brackets entirely or to make them very flat. — 


Moreover, a charge of $1 to $1.50 is made by plasterers for 
plastering each bracket, and they often interfere with parti- 
tions. 


The tensile stresses over the supports are generally only 
taken care of by extending the bent-up bars more or less into~ 


the adjoining beam. In very heavy beams, however, and 
especially bridge girders, extra rods of the same section as 


the straight rods and of a length = 0.4 of the span should be 


imbedded at the top over the supports. 


Figure No. 1 shows a standard design of a beam. Half the 
number of the rods are straight and of a length = L + 40s, 


when L = span ¢.¢, supports, and s the diameter of the rods, 
and the other half are bent up in various planes and of a 


length = L + 60s + d, when d = the depth of the stem, 
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The bends of the rods should never be sharp and’ the radius 
of the bend not less than 14% s, which allows of cold bending 
| of the rods, even for the largest diameters. It is preferred 
_ practice to arrange the rods in pairs in vertical planes, and 
_ the writer’s practice to keep them in their proper places is 

shown in Figures Nos. 2 and 3. The stirrups, which in most 
| @ases are made of 4 to %” round or square wire, are 
originally made in the shape shown in dotted lines. They are 
forced into the beam form and rest with their horizontal legs 
_on the floor boards. They possess considerable spring, which 
produces a friction against the sides of the forms, preventing 
any shifting in a horizontal direction. They carry the weight 
of the rods and prevent them from approaching nearer to the 
underside of the beam than is desired. Two or three bent 
spacing wires, as shown in Figure No. 3, keep the rods in 
place in transverse direction. After the beams are concreted, 
the stirrups are pushed back, by means of tamping bars, into 
the position shown in black in Figure 2. The writer con- 
siders it essential that the stirrups reach well into the slab, 
as otherwise a separation of stem and flange can hardly be 
_ prevented sooner or later, especially in case of fire. The use 
of small hooks at the end of girder rods increases the cost 
without any adequate inerease of strength. 

It is good practice to give the beams a camber of at least 

1%”, or 1/300 of the span. 


Example: <A continuous beam, 18’ ¢.c. supports, which 
supports are 12” wide, carries a slab 10’ wide with a total 
floor load of 250 pounds per square foot. The total load per 
lineal foot of beam = 2500 pounds, and the bending moment 


2500x17? 72000 foot-pounds, which also may be found from 


tables on page 24 by multiplying the bending moment for 
250 pounds by 10. On page 7 we find that beam No. 40 will 
answer. The total shear at the supports = 2500X8.5 —21250 
and at a point 2’ 6” away from the supports = 2500X6= 
15000. Assuming that we use 14” round wire for the stir- 
Tups, the area of both legs of the stirrup is 0.098 and the 
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10,000x0.098x16.25 


spacing at both points is given by 4550 


ead 10,000x0.98x16.25 a 
1400 ais 


11.0”, where 4550 and 1450 = half a 


the difference between the actual shear and the shear of | 


12100 as given in the beam table for No. 40. Figure No. 1 
shows the distribution of stirrups which may be safely used. 


The cost of a stirrup is only a cent or two in most cases, and © 


it will generally suffice to figure the shear at the supports — 


only and to determine the spacing at this point, and to in- 
crease the spacing successively by one inch until one-quarter 
of the span is reached. 


' The following table will facilitate this work: 


Let d = the stem depth of the beam, and ¢ = spacing of 
the stirrups; then for the various relations of d:¢c and for 
the various sizes of stirrup bars, the allowable difference be- 
tween the actual shear and the shear given in the beam 
tables are 


4” Round ...,.|1¢ 


4” Square.....|24500|2 800/172 4s 3 9750 7400) 4900 |2450. 
26300)236 7 8 5890 |2950 — 
13300} 8800 |4200 _ 


No. 0 Wire .....|2¢ 
2” Wire ... 


Second Example: A continuous beam, forming part of a 
square slab, 18’x18', is supported on columns 12” square. The 
total load per square foot on the slab is 250 pounds, and this 
slab, on account of being reinforced in both directions, will 


transmit to each beam %4 of the panel load. This load will | 


be in form of a triangular load, having its apex in the center 


EE 


of the beam, If there are panels on both sides the load per. 


lineal foot in the center = 18X250=4500 pounds, and be- 
comes zero at the supports. The bending moment in such a 
case is 3% of the moment produced by a uniform load of 4500 


mY 


a 


+ 


; 


} 
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pounds per lineal foot, or = 2 x = 87000 foot- 
vo 
iounde, which closely corresponds to beam No. 41, or to 


beam No. 39 when square bars are used. 

It will be noticed that in both cases only the clear span was 
used in the calculation. More conservative designers may 
possibly use a mean between the clear span and the span 
center to center of supports, but it is a clear waste of money 
to figure with the span center to center of suppcrts, when the 
latter are two feet wide or wider. Only in the case of beams 


which are carried by girders the writer advocates to figure 


; 


ith the span center to center of supports. In case of non-- 
continuous beams the span is to be taken as center to center 
of bearing. 

For the convenience of persons of little experience in re- 
inforced concrete construction, who wish to share in the 
alleged enormous profits made in this line of construction, 
quite a number of unit systems of ready-made and assembled 
beam reinforcement are at present in the market. While 
they may be a good thing for inexperienced persons, they are 


_ decidedly more expensive than the ordinary method above 


| 
| 
| 


i 


described. It is the writer’s practice to have on every job, 


besides competent foremen, an experienced engineer as super- 


intendent, to watch the distribution of the steel; and this is 


a far better safeguard than unit reinforcements, which in the 
: hands of incompetent men, do not prevent of placing the 


units in beam forms, where they do not belong. 


AOR 
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EXPLANATION OF SLAB TABLES. ~ ; 


Experiments have fully demonstrated the fact that the saf 
bending moment in foot-pounds per lineal foot of a slab oc 
the thickness t in inches is equal to coefficient x t?7, Thi 
coefficient depends on the amount of reinforcing per linea 
foot, the mixture of the concrete and the distance of th 
center of the reinforcing bars from the compression face 0 
the slab. We assume that the latter distance amounts te 
0.87 t, or that the center of the bars is 0.13 t from the tensiof 
side, Where it is desired that the latter distance is greate 
a corresponding addition is to be made to the thickness a 
found in the tables. iv 

The amount of reinforcing per lineal foot is often e? | 
pressed in percentages of the steel area to the concrete are f 
We say that a four-inch slab is reinforced by 1% of stee 
when the area of the steel bars per lineal foot of sla 

4x12 


“= =0.48 square inches, or that a five-inch slab is re, 


100 
inforced by .35%, when the steel area per lineal foc’ 
5x12 4 


0 X0.35=0.21 square inches. j 

The following table gives the values of the coefficient a. 
found by many hundred experiments and by innumerab] 
application in practice: 


ui 

Fs 

Per- Coeffi- Mix- Per- Coeffi- Mix- Per- Coeffi- Mix | 

centage cient ture centage cient ture Centage cient ture 5 
0.25 50 1:6 0.85 98 126 135) 
0.30 54 RG 0.90 | 102 126 135 
0.35 58 eG 0.95 | 106 156 1:4 
0.40 62 1:6 1.00 | 110 1:6 1:4 
0.45 66 1:6 1.05 | 114 1:6 1:4 
0.50 70 126 1.10} 118 IG 1:4 
0.55 74 nC 1316) | 129 1:6 1:4, 
0.60 78 1:6 1.20 | 126 1:6 1:4 
0.65 82 1:6 1.25 | 180 1:6 - 1:4 
0.70 86 1:6 1.30 | 134 <5, 1:4 
0.75 90 136-1) 1.385 | 188 1:5 1:4 
0.80 94 1:6 1.40 | 142 1:5 1:4 


ian 
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g Slabs, reinforced with ae than 4%, act as mist concrete 
8 slabs. 
_, The percentages greater than one are seldom used. 


The mixtures 1:6, 1:5, and 1:4 mean concrete mixtures of 
Bene bag of cement, weighing at least 94 pounds, tg six, five 
‘and four eubie feet, respectively, of sand and gravel or 

Terushed rock. While it is usual to give the volumes for 
: “sand and gravel or rock separately, experienced concrete men 
pad agree that the relation of sand to gravel or rock has 
: ‘often to be varied on the same job in order to obtain the 
‘Jensest conerete or the best results. The reason is that the 
voids in the stone are fairly uniform, while those in the sand 
_ (ary from 30 to 60%. 
' The tables on pages 22 to 25 give the bending moments for 
various total loads per square foot and various spans for 
‘ontinuous slabs over three or more supports, which slabs we 
all simple slabs. The tables on pages 26 to 28 give the 
vending moments for continuous slabs, supported on four 
‘ides, which, for convenience, we call square slabs. 
All these bending moments are for a slab ONE FOOT 
_NIDE, and throughout this book the slabs are figured by 
irst finding the bending moment per lineal foot width of slab. 
As mentioned in the explanation of reinforced concrete 
‘3 sams, in continuous slabs appear negative moments over the 
_ pports, which should be taken care of by the same number 
a « rods as placed at the underside of the slabs. Formerly it 
; was tried to accomplish this by bending up over the supports 
all or half the number of rods. While in theory this looks 
simple enough, it is a difficult thing to obtain in practice. 
i rods have a tendency to turn sideways, and very often 


‘ Mey < 


there is hardly a rod in five feet which is actually near the 

op face over the supports. The result is that cracks appear 
in the slabs at, or a few inches alongside, the beams. This 
is the reason why the writer advocates placing separate rods 
of the same number as those used at the underside and of a 
length = 0.4 of the span, at the top of the slab. These rods 
tp placed after the slab is concreted and are pressed into the 


i 
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wet concrete. The writer does not find the same difficulty 
in ease of square slabs, for the reason that the spans are 
much larger and the rods, if temporarily supported by short 
pieces of seantling or permanently by special bars, will hang © 
through in a ecatenary and have no tendency to turn side- — 
ways. Therefore, no extra rods are to be placed in square 

slabs. e 
Figures 4 and 5 show the standard design for simple and _ » 
square slabs. For the bending moment per lineal foot of Ls 
square slabs from the total dead and live load we adopt the Es 


formula ae in case of continuous slabs, and a in ease 


- 


of freely onerien slabs. 

This represents the average bending moment per lineal foot 3 
in each of the two main directions. A simple consideration 
will show that the maximum bending moment must oceur in 
the central portion of the slab, and for this reason we pro- 
pose the following rule for the spacing of bars in square 
slabs. 

After having determined the sectional area of the reinfore- 
ing per lineal foot and the corresponding sizes and spacing of — 
the bars from tables on pages 12 to 15, divide the span in © 
inches by the spacing of the rods in inches and obtain the M4 
total number of the rods, required in one direction. Place 
one-half of this number in the middle third of the span, © 
while the other half may be equally distributed in the outer — 
thirds. ‘i 

Where panels are not exactly square but where the ratio — 
of the sides is not greater than 1.33, we find the average © 


moment per lineal foot by the formula » when 1= mean 


between the two sides in feet. 
It is not economical to consider slabs supported on four © 
sides when the ratio of the sides is greater than 1.5. 
In some instances, as for dead loads, continuous water andl 
earth pressures, continuous footings, it is good practice to 
figure the bending moment in continuous simple slabs by the 


formula pl? 
‘12 
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Examples: ‘A continuous slab has to support, on a clear 


_ span of 9’ 6”, a total load of 350 pounds per square foot. 
| The bending moment per lineal foot = 350 x 9.5? 3150 foot. 


pounds, which can also readily be found in table on page 23. 
On page 17 we find that a 6” slab with 0.504, or a 614” slab 


_ with 0.42 square inches of reinforcement per lineal foot will 


answer. If we adopt the first, we can find on page 14 that 
¥"" square bars, 6” ¢.c¢. will suffice. Over the supports we 
shall place the same rods, but only 4’ long. The longitudinal 
reinforcement should not be less than %% = 0.09 square 
per lineal foot, which corresponds to 3%” square bars, 


8” c.c. The weight of a bar of steel one inch square and 
one foot long is 3.4 pounds. Hence the theoretical weight of 


the reinforcement per square foot is found by multiplying the 


_ area per lineal foot by 3.4. On account of the rods extend- 


ing at least 0.12 of the span beyond the center of the beams 
and on account of the extra rods, this coefficient increases to 


an average of 5.3, and the weight of the reinforcement per 


square foot in our case = 0.504X5.3=2.7 pounds, which is 
also given in table on page 14. To this is to be added the 


weight of the longitudinal reinforcement for which the co- 
efficient of 4 will suffice, or can be found on page 13. 


Second Example: A continuous square slab of 15.5’ clear 


span has to support a total load of 150 pounds per square 
foot. The average bending moment per lineal foot 


150x15.5? 1500 foot- -pounds, which can also be taken 


'. om 
directly from table on page 28. On page 17 we find that a 


5” slab, reinforced by 0.21 square inches, will do. On page 


12 we learn that 0.21 corresponds to 3%’’ round bars 614” ¢.¢. 
This requires 30 bars in the length of 15.5’, 15 of which we 


we shall space 4” ¢,¢, in the middle third, while in each outer 


third we shall have seven spacings of 7144”. 

We can use the same thickness of slab and the same rein- 
forcement if the slab has the dimensions 14’x17’, with the 
exception that 33 rods will run in the shorter way, and 27 
tods will run the long way. It is the writer’s practice to let 
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only those rods hang through a catenary, which are placed 
in the middle third, while those in the outer third remain 
straight. This considerably facilitates the placing of the . 
rods. The wiring of floor rods at each intersection is a great 
waste of money. Two at the utmost three points in each rod 
need only to be fastened to other rods. The binding wire 
should be No. 16 annealed wire. The rods should extend at 
least 0.12 of the span beyond the center of the beams, both 
in simple and square slabs. : 
Third Example: A lintel, 17” wide and of a clear span of — 
9’, has to support 2000 pounds per lineal foot. Assuming the 


bearing is 9”, we shall take the span =9.75’. The bending 


moment = 2000 x 9.75? _94000 foot-pounds, or per lineal foot 


width of lintel 24000+-1.42—17000 foot-pounds. On page 19 
we find that this requires a slab 15” thick, reinforced by .99. 
square inches per lineal foot width, or 141 square inches for 
a width of 17”, which corresponds to 2-5¢”and 2-%4”’ round 
bars, as can be seen on page 5. 

It may be well before closing this chapter to remark that 
the longitudinal reinforcement of 4% is in fact too small to 
prevent cracks. It represents, however, actual practice, and 
no great inconveniences occurred. In roofs and other strue- 
tures exposed to the elements, the longitudinal reinforcement 
should not be less than 4%. The weight of a slab per square 
foot, in pounds, can be found by multiplying the thickness in 
inches by 12. 
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EXPLANATION OF TABLES ON WALL AND COLUMN 
FOOTINGS. 


The bending moment in foot-pounds in wall footings of the 


2 
type shown in Figure No. 9, we assume to be equal to pl 


| when p the load on the ground per square foot and 1 the pro- 
jection in feet. Having found the bending moment, we can 
find the thickness of the concrete and the area of the re- 
inforcing from the slab tables on pages 16 to 20. The shear 
in footings is greater than in any other member of construc- 
tion, and therefore we recommend and have adopted the 
minimum percentage of reinforcement of 4%, to obtain the 
greatest depth of footing. We recommend the use of com- 
paratively small bars with close spacing for the reinforce- 
ment. For example: where 0.6 square inches of steel per 
lineal foot is required, the use of 144” square bars 5” ¢.¢. will 
be preferable to 5” square bars 7%4” on centers. 
We consider column footings as cantilevers in four direc- 
tions, and the theoretical bending moment at a cross section 
| through the center of the footing would be BS , if the 
column load be concentrated at a point in the center. In as 
much as the column distributes the load over its own area, 
the bending moment is reduced in the footings shown in 


table to about ps? , when p the load on ground per square 


foot, and s the side of footing in feet. On account of the 
trapezoidal form of the section, we consider the footing as 
a slab of only half the width of the footing. On account of 
the great shear values we again adopt only the minimum 
/amount of reinforcement of 14% in order to obtain the 
greatest depth. Also here the use of small rods and close 
spacing is recommended. 
_ For Example: A footing has to support a load of 180,000 
' pounds on ground which will carry 6000 pounds per square 
' foot. On page 32 we find that the footing should be 5’ 6” 
| square. The depth of the footing in the center is 22” and at 
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Standard Wall and Column Footings. 


Cantilever Footings. 
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_ the edge 8”. We have to place 1.82 square inches of steel in 
the two main directions, which correspond to nine 14” round 
bars in each direction. No column smaller than-14” should 
be placed on this.footing, and in figuring the cubical contents 
it was assumed that the top is 14-1226” square. Such a 
footing would contain 37 cubic feet of concrete and 70 pounds 
of steel. 


Cantilever Footings: Where a column or wall footing must 
be kept inside the property line and where the width of the 
footing is so great that the center of pressure comes outside 
of the middle third of the footing and produces too high a 
unit pressure on the ground, a cantilever construction, as 
shown in Figures Nos. 7 and 8 should be resorted to. 

For an example we shall assume that the column A has to 
support 450,000 pounds and that the allowable pressure on 
the soil is 5000 pounds per square foot. Columns A are 18’ 
on centers; this requires a footing alongside the property line 
450.000 5’ 0” wide. This footing we figure as a slab of a 


5000x18 
elear span of 18’—3’ 015’ and loaded by 5000 pounds per 


5000x152 
12 
=94000 foot-pounds per lineal foot of width. The column 
can take up the load from 2’ 6” width of the slab as a 
symmetrical load, but the load from the other 2’ 6” must be 
transferred to the column by means of the cross-beam ‘‘AB,’’ 
We err on the safe side if we assume the bending moment on 


ie erces-beam to be 5000x2.50x18x 2:52. eo 280,000 foot- 


pounds. This assumes that the cross he does not act as 
footing itself, and in building the cross girder loose rock 
one foot deep should be placed at the bottom to allow of 
slight settlements, 

The formula: bending moment in foot-pounds—Coefficient 
square of thickness of slab in inches, will enable us to find 
the dimensions of the footing slab and cross girder. For 4% 
of reinforcement the coefficient = 50 or the square of the 


thickness for the footing slab = 7+: a 1880, or the thick- 


square foot. The bending moment in this slab 
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ness 43”. The bending moment per foot width of cross 
girder=280,000+3=93300 foot-pounds; therefore, a slab of 
43”, reinforced by 4%, will also answer. 


The amount of steel in the footing slab = 60X43X 6.5 


L 


square inches, and in the cross girder = 36X43X—=3.8 © 


400 
square inches, corresponding to three 1144” and three 14”, 


and to three %” and three 1’ bars, respectively. It is clear — . 


that these rods must be placed at the top of the slabs, and in 
case of the footing slab, the three 114” bars should be bent 
down at the supports to take care of the shear and of the 
negative moments. Besides, three 114%” bars, 7’ 3” long, 
should be placed at the bottom of the footing slab at the 
columns, also to take care of the negative moments. Figuring 
the cost of concrete. at 30¢ per cubic foot, steel at 2%4e per 
pound, the average cost of this cantilever footing per lineal 
foot of wall is only $9.20. 

Second Example: Let us assume a 17” concrete basement 
wall has to support 20000 pounds per lineal foot. The interior 
columns are spaced 16’ on centers, Allowing 5000 pounds per 


square foot on the ground, the width of the wall footing — 


=20000-+5000—4’. The width of 4’—1’-5’=2'-7” produces 
an excentric loading, and must be designed to transmit the 


load to the cross girders. The bending moment = 5000x 13.5? | 


12 


=76000 foot-pounds. For 4% of reinforcement the square — 


of the depth in inches=76000--50=1530, or the depth practi- 
cally 40”, and the amount of reinforcing =33X40X Tom 


3.1 square inches, or four 1” round bars. 
The bending moment for the cross girder = 5000X2.583 x 


9 
16x 2.583 


89000, A depth of 40” requires a coefficient of 89000:1600— 
56, or per table on page 64 a percentage of 0.325. The area 


of the steel in the cross girder =a X0.325=4.7 square 


inches, 


=267,000 foot-pounds, or per lineal foot width= 
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The cost of this footing is only $7.49 per lineal foot of wall. 
Careless designers often omit to take care of the excentric 
loading, and the whole saving amounts only to $3.50 per 
lineal foot in such a ease as this, but endangers the stability 
of the building. 


EXPLANATION OF THE COLUMN TABLES. 


The sizes of the columns here adopted are governed by the 
commercial sizes of lumber, and the scheme of the form work 
may be found on page 102. Most of the building ordinances 
of the larger cities of the United States allow a stress of 450 
pounds per square inch on the concrete section, and 15 times 
this amount = 6750 pounds per square inch on the steel seec- 
tion, which specifications represent safe practice, but should 
be amended in regard to the limiting of the amount of rein- 
forcing and in regard to the mixtures of the concrete. Ex- 
periments have demonstrated that the steel does not take 6750 
pounds stress if the reinforcement exceeds 5% of the cross 
section; they have further demonstrated that we can increase 
the stresses both on the concrete and on the steel, if we use 
richer mixtures than one part cement to six parts of sand and 
crushed rock, and we can lay down the following rules: 

For 1:6 mixture allow per square inch 450 pounds on con- 
crete and 6750 pounds on steel; 

For 1:5 mixture allow per square inch 500 pounds on con- 
crete and 7500 pounds on steel; 

For 1:4 mixture allow per square inch 550 pounds on con- 
crete and 8250 pounds on steel; 

For 1:3 mixture allow per square inch 600 pounds on con- 
crete and 9000 pounds on steel; 
which increases the loads in the tables 11%, 22% and 33%, 
respectively; or we have to decrease the given column loads 
by 9%, 18% or 25% in order to use readily the table figures. 

It is cheaper to use richer mixtures, but at the same time 
it must be considered that richer mixtures are less fireproof 
than leaner mixtures. Most building ordinances specify that 
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the outer inch of concrete shall not be considered as carrying — 
stress, and in this case take the column one size larger than 
found in the tables. Ro 

The value of ties binding the column rods together is 
largely over-estimated. The ordinances generally specify the 
ties to be not farther apart than the least dimension of the 
column, without specifying the size of the ties or the kind © 
of connections. We to-day know that the steel rods have ~ 
only the task of keeping the strength of the concrete within © 
the same value as that found in compression tests on cubes 
of 12” size, and that the failure of columns are produced by — 
shearing of the conerete on 45°, which failure cannot be pre- 
“vented by the ties ordinarily used. Ties are, however, neces- 
sary in order to hold the steel rods in place, and in some — 
eases to guard against shear, especially in excentrically 
loaded columns. 

The writer finds it cheaper to use coils instead of loose ties, 
which coils consist of No. 3 soft annealed wire, and have a 
pitch of 12”, They are made by winding the wire on a 
collapsible core. The weight in pounds per foot of these coils 
is found by dividing the side of the coil in inches by 20. 
Where columns connect with smaller columns on top it is the 
writer’s practice to slope the rods uniformly from the bot-— 
tom to the top where the difference in size is not very con- 
siderable, say not more than eight inches, In this case, the 
coils must reduce in diameter towards the top, which is done 
on a tapered core. 

The column rods should be connected at each floor level, 
either by over-lapping of the rods or by means of gas pipe 
sleeves, as given in the tables. The space between the steel 
rods and the pipes should be carefully grouted with cement and — 
sand in proportion of one to two. Where the size of the columns ~ 
as given in pages 36 to 41 is too large, Considere columns 
or hooped columns, as given on pages 42, 43, may be used. — 
Considere demonstrated that hooping increases the strength 
of the concrete 20%, and that the value of the reinforcing by 
coils or hoops is 2.4 times the value of the reinforcing by 
longitudinal rods, provided that the pitch of the helix of the 
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coils or the distance of the hoops does not exceed 1/7 of the 
_ diameter of the coils. Assuming 1:3 concrete, we are justified 
to allow 720 pounds per square inch in compression on the 
_ concrete, 10800 pounds per square inch on the longitudinal 
reinforcement, and 25420 pounds per square inch on the ideal 
_ longitudinal reinforcement which has the same weight as the 
coils adopted. 

Where even Considere columns give too large dimensions 
for the columns, structural steel columns enclosed by con- 
erete should be adopted. Allow 12000 pounds fibre stress on 
the steel section, and 300 pounds per square inch on the con- 
crete section. 

The Column Tables give the load in 1000 pounds for 
columns reinforced by round bars. 

The milling of the ends of rods at the column connections 
is considered an expense wrongly applied. It is nearly im- 
possible to bring the rods to a square bearing, and in as much 
as the rods only safeguard the cubical compressive strength 
of the concrete, the gas pipe sleeves amply fulfill all require- 
ments for transmitting occasional] tensile stresses. 

The connection of the columns with the footings is best 
done in the following manner: When concreting the footings, 

insert tapered cores about one inch larger in diameter than 
the size of the column rods and of a length to reach within 
4” to 6” of the bottom of the footing. Of course, the position 
and number of these cores must correspond with the column 
rods. The cores must be pulled out within six to twelve hours 
after concreting, and the holes temporarily closed by wooden 
stoppers to prevent dirt falling in. After the column rods are 
inserted fill in with grout of a mixture one part cement to 
one of sand, 
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EXPLANATION OF TABLES ON FLOOR CONSTRUCTION 
ON PAGES 44 TO 54. 


In order to readily estimate the cost of reinforced floor 
and girder construction, to compare the cost of floors of 
different spans and floor loads, and to relieve the busy en- 


gineer and architect of a great deal of mechanical work, 


these tables were figured for the spans most commonly used 
in construction work. The figures at the top mean the dis- 
tances of the columns center to center in feet; for example: 
12/16 means that the columns are spaced 12’ in one direction 
and 16’ feet in the other direction. Only in loft, factory or 
warehous? buildings is-the choice of the arrangement or gir- 
ders and beams entirely free. In other buildings, it is often 
desired that the beams coincide with certain partitions, or 
that the floor construction offers a pleasing appearance, which 
latter effect is generally obtained by square panel construc- 
tions. It is obvious that the cost of the floor and beam con- 
struction will depend on the amount of concrete, steel and 
form lumber required, and the best basis of comparison is the 
average cost per square foot, and for this reason we give in 
the tables the average quantities of concrete, steel and form 
lumber per square foot, which includes girders, beams and 
floor slabs. In most of the cases the cheapest possible 
arrangement of beams and girders was adopted, although a 
change in the number of direction of beams may vary the 
cost only a few per cent. The fact that the actual amount 
of material required for a certain floor construction is less 
than that required in another does not always mean that 
this floor construction is actually the cheapest. If in this 
floor construction more beams are used than in another, it 


is to be considered that the unit labor for the form work is — 


increased, also that of the steel labor and to a smaller extent 
that of the concrete labor, 

Figures 11-17 show that we only adopted seven different 
types of girder, beam and slab arrangements for the floor 
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constructions on pages 44-54. In these tables the first two 
lines give the serial number of the girder or beam of the 
beam tables; the third line gives the thickness of the floor 
slab; the fourth line, the weight of steel per square foot in 
the slab (except the weight of longitudinal rods in simple 
slabs), by which weights the proper reinforcement may be 
found from tables on pages 12 to 15; the fifth line gives the 
average amount of concrete in cubic feet per square foot of 
floor, including all girders, beams and slabs; the sixth line 
gives the average weight of steel of the floor construction; 
and the seventh line, the average amount of lumber required 
for the forms of girders, beams and slabs for the story heights 
noted at the head. 

.The cost of a cubic foot of concrete in place varies from 
20 to 30c; the cost of a pound of steel in place from two to 
three cents; the cost of the forms from $40 to $50 per 1000 
feet B. M., acording to localities, with a very close average 
of the mean of these figures for most of the large cities of the 
United States, or 25¢ per cubie foot of concrete, 2%4¢ per 
pound of steel, and $45 per 1000 feet B. M. for the forms. 
These figures, as a rule, do not include the contractors’ profit 
or installation of plant, office expense, etc. 

For heavy loads, say 250 pounds per square foot and over, 
bays 14’x14’ are generally the cheapest. According to our 
tables the cost per square foot of a floor 14’x14’ and 250 
pounds per square foot total load = 0.58 X 25¢+3.45 K2%e+ 
2.95 X4.5=36.7¢ per square foot. For bays 16’x16’ the cost per 
square ft. would be 0.594 x 25¢+4.25 K 244¢6+3.13 xX 4.5=40.4e; 
and for bays 18’x18’ and the same floor load the cost per 
square foot would be 0.702X25¢+4.63 X2%c+3.14X45= 
43.4e. The cost of the columns and footings will be only very 
little diminished on account of the reduced number of- 
columns; hence the difference of the above costs per square 
foot will very closely represent the actual difference. 

For light loads probably 16’x16’ is the most economical 
arrangement of bays, while 18’x18’ costs only very little more. 
In the same manner we can compare all other spans and floor 
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loads. The dead load of the entire floor construction per 
square foot is found by multiplying the figures in the fifth 
line by 144. 

For a given span, 16’x16’ for example, the most economical 
arrangement of beams is not always the type mentioned at 
the head of the table. While Type A may be the cheapest 
for 200 pounds per square foot, Type C is somewhat cheaper 
for 500 pounds per square foot. 

At the head of each span is also given the number of sup- 
ports required for the form work in one panel, and the story 
heights for which these supports are safe; these are figured 
in the average amount of form lumber per square foot. 

In applying the average costs, taken from these tables, 
for the entire floor of a concrete skeleton building, it must 
be borne in mind that the spandril beams which carry the 
brick curtain walls are considerably more expensive than the 
beams in the floor construction; also that the beams at half 
the girt of the building are omitted, when figuring the 
average per square foot. The spandril beams are generally 
of two sizes, viz: 1214’”x18” and 1214"’x24” and reinforced 
in both eases by about four 1” round bars, requiring per lineal 
foot 1.57 eubie feet of concrete, 15 pounds of steel, 11 feet 
of lumber and 2.1 cubic feet of concrete 15 pounds of steel 
and 13 feet of lumber, respectively. For checking purposes 
or for quick estimates, we obtain a fairly close figure for the 
floor construction of the building if we add to the product of 
floor area by the average cost of floor per square foot the 
cost of the spandril beams of a length = 0.7 of the girt of 
the building. We can do this for every story as well as for 
the roof, and obtain the cost of the floor construction of the 
entire building. The cost of the columns can be found very 
closely by the consideration that the average cost of the 
columns is very close one cent per lineal foot for each thous- 
and pounds load. 


The following example shows how to obtain the cost of 
columns per square foot of an entire building very quickly: 
Let us assume the same building as on page 88. 


¢ 
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| 
Total Hei 
Fleers Story Heights otal Height Total Floor Foot 
trom Basement | Loads per Sq. Ft. Pounds 
ol ae 12 WZ oh «7100 7200 
BOMIFIOOI se s005Cbsescecsactes cs 12 60 150 6000 
MENU FIOON:.«. s:necovsactensedoest 12 48 175 8400 
ne 12 36 . 200 7200 
MRIDON a tS P82 soy d4 24 250 6000 
MF IOOT nee £228 hee So 14 10 300 8000 
ASEMONE Shs, oe cc Fatal: 2s-ce: 75} 40800 


In the third column are formed the sums of the story 
heights from basement up to each particular floor; in the 
fourth column are noted the total floor loads from the floor 
above the line on which the figures are printed; in the fifth 
column are noted the products of the figures in third and 
fourth columns, and these figures added up give 40800, which 
represents the number of pounds—lineal feet in the columns 
per square foot of the building. Every thousand pound-feet 
costs one cent; hence 40.8¢ is the cost of the columns per 
square foot of the building. The cost of footings for a per- 
missible load of 5000 pounds per square foot on the ground 
is closely 10¢ for each thousand pounds. By adding the 
figures in the fourth column, we find as the total of all floor 
loads per square feet of the building 1175 pounds, or the cost 
of the footings per square foot of the building 11.75 cents. 


In the cost of the columns, determined by this method, is 
not included the cost due to the weight of the curtain walls. 
This cost we obtain by substituting in the fourth column for 
the floor loads the weight of the walls in each story per lineal 
foot of girt. Then the product of the figures in the third 
and fourth columns added up gives us the number of pound- 
‘feet in the outside columns per lineal foot of girt. In as 
much as the outside columns are considerably larger than 
required for strength, it is better to figure the cost of 1000 
pound-feet as 14, 


80 MENSCH, THE REINFORCED fa 


Where the outside walls are bearing walls, the cost of the 
columns and footings, obtained by the above-mentioned — 
method, are to be decreased in the proportion of floor area 


which is carried by columns to the total floor area of the 


building. 


REINFORCED CONCRETE WALLS. 


* 


Reinfored concrete walls should be used in buildings only ‘ 


for pertinent reasons, as, for example, to save floor space, or 


to take care of wind stresses or to guard against earthquakes. 
The walls are always more expensive than 12” brick curtain 


walls. They are rarely less than four inches, nor more than 


“eight inches thick, and must be reinforced in horizontal 
direction by 44%, and in vertical direction by &% to \4%. 
Openings should preferably have rounded corners, and the 


walls must be reinforced above the openings by at least 1%, | 


and should have a reinforcement under 45% at all four 
corners, the same as above the openings. 

Reinforced concrete walls are not waterproof, and must 
be given a coat of R. T. W. paint or cement finish, to prevent 
the moisture penetrating. 


The forms cost, as a rule, more than the concrete and re- 


inforcement taken together, 
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| EXPLANATION OF TABLES ON GIRDERLESS FLOOR 


CONSTRUCTION. 


. 


The great cost of the form-labor and of the additional cost 
of plastering of beams, caused the designers to reduce the 


number of beams by using square panel construction, and a 
further step was the suppression of girders entirely, as shown 


in Figure 18. The floor in this case is generally supported 


) by columns with flaired capitals, and, in case of end panels, 


partially by columns and partially by girders or walls. This 


construction is economical only when the panels are nearly ~ 


Square or when the ratio of the sides of the rectangles, en- 


_ ¢losed by the columns, does not exceed 1.33. The problem 


of calculating the stresses in a plate supported at four points 
was first thoroughly investigated by the celebrated Prof. 


| Grashof in connection with the strength of endplates in 


steam boilers, which are held in position by staybolts. He 
gives the greatest bending moment per lineal foot in such a 


_ plate ee , which formula he derived more by an eliminating 


process ee by exact science. By similar reasoning, we lay 
down the following rule for the computation of girderless 
floor construction: We divide the panel in strips of a width 
of 0.35 1, when 1 is the distance ¢.¢. support in feet; two 


strips run diagonally, while the others run in the line of the 
_columns, The greatest bending moment per lineal foot of 


| such a strip we assume =F, when the size of the capital of 


| 


the supporting column is at least 0.23 1. From this bending 


_moment we easily obtain the required thickness and reinfore- 


ing from the slab tables on pages 16 to 20. When the panel 
is not exactly square we substitute for 1 the mean of the two 
sides of the rectangle. 

The rods should hang through in the form of a catenary 
reaching from the underside of the slab in the center to near 


the top of the slab at the supports. The rods running in the 
‘direetion of the columns should extend into the adjoining 
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panel 0.121, while the diagonal rods should extend 0.161 be- 
yond the column center. 

Comparing the quantities required for this type of floor | 
construction with those given in tables on pages 44-54, we 
find that the girderless floor constructions take less concrete 
and steel than where beams and girders are used. It takes 
also less lumber for the forms, the average for this type being 
only 2.90 feet of lumber per square foot, and in as much as © 
the unit labor for steel and form work is considerably less 
than for the other types of construction, the girderless floor 
is certainly the cheapest of all reinforced floor constructions. 


SS 
N 
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Fig. 18. Showing Strips and Capitals of Columns in 
Girderless Floor. 
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DETAILED DESIGN AND COMPUTATION OF COST OF 
A REINFORCED CONCRETE SKELETON BUILDING. 


Let us assume a five-story and basement warehouse build- 
| ing on a lot 67’x200’; and that only two rows of columns are 
_ desired in the building. The most economical bay distances 
for the columns will be 14’x22’, The schedule of page 84 
| shows how we figure the interior columns. As total load per 
square foot for each floor we enter the full dead load and the 
_ full or a fraction of the live load, according to the require- 
ments of the particular building ordinance. In adding up the 
floor loads as shown in the fourth column, we can, by means 
of one setting of the slide-rule, very readily obtain the 
' column loads in the various stories, as these total floor loads 
» must be multiplied with the area of the panel carried by the 
column=14 x 22—308 square feet. The size of the column, 
the reinforcement, the unit quantities of concrete and steel 
per lineal foot of column, we ean directly take from pages 
| 86 to 43, while the form lumber can be taken from page 41. 
For each story it requires again only one setting of the slide- 
rule to find the concrete, steel and form lumber for each 
story, which are entered in the eleventh, twelfth and 
| thirteenth columns. In the fourteenth column is entered the 
weight of the gas pipe sleeves at each floor level. To the 
_weight of the reinforcement per lineal foot as taken from 
the tables on pages 36 to 43, must be added the weight of 
_the coil which ties the rods together, which weight=1/20 of 
the side of columns in inches. 

The length of the reinforcing rods for the basement 
columns must be taken about 18” greater than 10’, on account 
of the extension into the footings. 

The totals of the eleventh, twelfth, thirteenth and four- 
teenth columns give us the quantities in one interior column 
for the entire height of the building. The outside columns 
have to carry one-half of the floor loads of the interior 
columns, which we entered in the third column, A portion of 
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QUANTITIES IN TYPICAL CONCRETE BUILDING. 


UNIT QUANTITIES TOTAL QUANTITIES 
Con- Form 
Concrete | steel |. | crete | Steel | Lumber 
Lumber Feet 
Ch. Ft. Lbs. FtB.M. Cubic | pounds | Board 
Feet Measure 
1 
26 Interior columms............c...c+e.e.0-. 153.1] 1929 | 871 | 3980; 50100) 22600 
34 Footings, 8’-6” square.................. 110.0} 230 | 34 | 3740) 7820) 1160 
26 Outside columns, 14” bays............... 205.7| 1677 | 1010 | 5340] 43500) 26300 
8 Outside columns, 22’ bays............... 198.7} 1537 | 1000 | 1590} 12300} 8000 
26 Footings, 8’ square...............cce.e++- 90 | 200 | 32 | 2340} 5200) 840 
13 Rows of girders 657 1g,—845”......... 8.64 |122.4 7300/104000 ; 
2 Rows of beams 200” Ig,=4007......... 3.16 | 42.8 1264) 17200 
3 Rows of Beams 200” 1g,=6007......... 3.16 | 53.9 1900) 32300 
67x200=13400 square feet of floor area... 2.277| 9.97)19.92*|30600|134000/268000 
65/ Of spandril beams Ist floor............ 1.93 | 24. 13 126} 1560} 850 
130’ Of spandril beams 2nd floor........... 1.76 | 22. 13 230) 2860) 1700 
390’ Of spandri! beams 3rd, 4th and 5th t 
fen Rs. 1.60 | 22. 11 624] 8600) 4300 
130” Of spandril beams, roof................. 1.24) 10.8} 10 160) 1400} 1300 
400” Of spandril beams, 2nd floor 14” Span| 1.76 | 10.8 | 13 700) 4320) 6200 
1200’ Of spandril beams, 3rd, 4th and 5th 
iene eee 1.60 | 10.8 11 1920} 13000) 13200 


400” Of spandril beams, roof............... 1.24) 10.8 | 10 500}" 4320/ 4000 
430 Lineal feet of hasement walls (on three 
sides of the building) 6.0 | 20.0 44 | 2680) 8600) 18900 


Total for the structural work of the entire building,................- 64894/45 1080/376360 


$16,223.60 
11,271.00 
15,054.00 


$42,648.60 


64894 Cubic feet of concrete @ 25 cents...............cecessseeseeeeeseeeereeseeenee 
451080 Pounds of steel @ 23 cents,...........csesserecrsssrsssecencansvsssceseneees 
376350 Feet of lumber @ 4.0 cents ..........e eects teteeeeseeeeceeeeccceseeeeeenee 


Total cost of structural WOrK...............cccscecceecseeesseseeees 


The cubical contents of the building from basement to 
roof—=13400 x 72=946,800 cubic feet. 

*This item is taken from the tables of typical floor con- 
struction on page 46. 
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the outside columns have to carry the wall loads for a length 
of 14’, while others have to carry wall loads for a length of 
22’, These wall loads for each story were figured and the 


total loads up to each particular story were entered into the. 


next two columns. These loads we have to add to the floor 


loads given in the third column, and the results are entered 


in the next two columns. The sizes of the columns and the 


other data can again be found in the pages 36 to 48, but it — 


must be considered that it is desirable to have the width of 


the columns above the first floor uniform, and that the depth 


of the columns cannot be less than 1214”, which is the thick- 
ness of the brick walls. We shall make both kinds of 
columns alike above the second floor, but below the second 
‘floor we shall adopt for basement and first floor, for the 
smaller. bay, a column 23’x2314", reinforced by six 114” 
and six 1’’ round bars, respectively, which will decrease the 
total quantities given for the larger bay to 198.7 cubic feet 
of concrete, 1537 pounds of steel including sleeves, and 1000 
feet of lumber. 

From page 34 we find that the footings for all interior 
columns and the outside columns of 22’ bays must be 8’ 6” 
square for a permissible load of 5000 pounds per square foot 
on the ground, and that each footing contains 110 cubie feet 
of concrete and 230 pounds of steel; while the outside columns 
of the 14’ bays may have 8’ footings, containing 90 eubie feet 
of concrete and 200 pounds of steel. 


In figuring the floor construction we shall assume somewhat 


higher floor loads than for the-columns. On page 85 is shown 
the schedule for the girder and beam calculation. We shall 
adopt Type A with slabs, supperted on four sides. As span 
of the girders we assume 20.5’ and 21’, respectively, while for 
the beams between columns we assume 12.5 and 13’, and for 
the beams, carried by girders, we assume the span=14’. 

_ After having found the bending moments, all the data in 
the next five columns can be found in the beam table on 
pages 6 to 8. To facilitate the form work, all girders from 
first to fifth floor are of the same width, and on account of 
fireproofing no beam was made of a width less than 714”, 
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In figuring the shear for the girders it is to be considered 
that the load earried by the girders is only % of the entire 
panel load on account of the square slabs, and in figuring 
the shear of the beams it must be considered that each slab 
transmits only 4 of the load to each beam. After having 
found the shear and substracted from it the shear given in 
the beam tables, the spacing of the stirrups is found by the 
help of the table on page 62. 

The spandril beams of 22’ span have to support % of the 
floor loads of the girders, and in figuring the bending moment 


from the wall loads we can use the formula Le For the 


first story the wall load=1750 pounds per lineal foot; for- 
the second to fourth story, 1500 pounds; and for the roof, 
only 375 pounds per foot from the parapet wall. These 
bending moments were added on page 85 to the bending 
moments from the floor loads, and in determining the beams 
we have to make some allowance for the fact that the flange 
of the Tee exists only on one side of the spandril beams, and 
therefore somewhat larger beams should be adopted than 
corresponding to the bending moments in the schedule. 

The lintels in the 14’ bays have very little to carry, and we 
shall make them the same size as those in the 22’ bays, but 
reinforced only by four %”’ round bars. The slabs are figured 
on page 86. 

On page 114 we find that for the reinforced conerete base- 
ment walls we can adopt a 6” wall reinforced by 0.28 square 
inches per lineal foot in vertical direction, and by 0.18 square 
inches per lineal foot as longitudinal reinforcement, or a total 
reinforcement of 1.8 pounds per square foot. Including foot- 
ing, one foot wide, we shall assume the quantities per lineal 
foot of retaining wall with 6 cubic feet on concrete, 20 pounds 
of steel, and 44 feet of form lumber. 

On page 87 is shown the schedule of quantities for the entire 
building, and figuring the eost of the concrete at 25¢ per 
eubie foot, the cost of the steel at 2%4e per pound, and the 
eost of the forms at $40 per M feet B. M., we obtain the cost 
of the rough structural work in the building at $42,548,50, 
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oa 


To this is to be added the cost of the brick walls, which in — 


this case will be in the neighborhood of $8,500, and the cost 


. 


of the basement floor, which does not vary much from 12¢ — 


per square foot. If the floors are to be cement finished, we 


have to substitute for a thickness of 14” rough conerete a 
finishing coat, which generally takes more than the average 


of 1%"; it will be near enough to add to the figures on page 


87 4c for each square foot of finished floor. If a wooden 
floor is specified, sleepers are to be imbedded on top of the 
rough floor and held down by a cinder concrete filling, 
generally 114” thick. The cinder concrete is generally mixed 
in the proportion 1:9 and averages 114e per square foot. 

_ Adding the cost of the brick walls ($8,500), of the base- 
ment floor ($1,570), of the cement finish on all floors ($2,600), 
of the-stairs (about $750), and $6000 for contractors’ profit, 
machinery, tools, ete., we obtain as grand total for the rough 


building in round figures $62,000, or 6.5 ets per cubic foot of — 


contents. 
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EXPLANATION OF TABLES ON FORM WORK. 


Next to the proper design of the structural part the proper 
design of the form work is the most important part of re- 
_ inforced concrete construction. The cost of the forms amounts 
in an average to 33% of the cost of the entire work under 
good management, and often reaches 60% under inexperienced 
management. It is a fact that it takes more lumber to build 
a reinforced concrete building than an ordinary mill construc- 
tion building and that the unit labor per 1000 feet., B. M., is 
more than twice as high, yet, it is surprising to see in how few 
instances the form work is designed by competent persons, and - 
practically any foreman, who declares himself competent, is 
given charge of the design of fully 33% of the work in the 
building. This, in connection with the fact that almost any 
contractor, who has the courage to bid on a reinforced concrete 
structure, is awarded the contract for its execution, as long 
as he is the low bidder, should cause the designing engineer or 
architect to design also the form work. 

The forms must be designed not only for strength but also 
for stiffness. Girders and beams look very unsightly if they 
have a sag or show bulging of the forms, or the loss of concrete 
by the deflection of the form work in floors and walls may be 
quite considerable. 

The forms are only temporary structures; therefore, we may 
allow a stress of 1800 pounds per square inch in bending and 
may use a factor of safety of three for the supports. 

The tables on pages 92-94 give the safe loads on boards and 
planks of various thickness and 12” wide, of joists of various 
depths, while on page 95 will be found the safe load on 
supports. : 

Applying these tables for the design of the forms for floor 
slabs, we can readily see that 7%” flooring is amply strong for 
all ordinary floor loads, as a %”’ board, 12’ wide, will support, 
on a span of 2 feet, a load of 1375 pounds with a deflection of 
about 1/20’, This load can only be produced by the large 
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SAFE LOADS AND DEFLECTIONS OF JOISTS — 


a | SPAN 
Joists ] 2 Thick , : 
, | , uy! ’ t_an ' 1” a 
Depth in Inches | 2 6" | 1'-9"| 2 | 2'-3"| 2-67 | 2-9"| 38 


2670 | 2280 | 2000 | 1780 | 1600 | 1450 | 1330 


3.i .0225 1.031 |.04 |.051 |.063 |.076 | .09 


2 .009 |.0124|.016 | .020 |.025 |.030 | .036 


3’-6" 4’ 4'-6" 5/ 5'-6" | 6! 6'-6” 
| | 
2800 | 2450 | 2170 1960 1780 1630 1500 
5 .080 |.104 |.132 |.163 |.196 | .234 |.273 
2 032 |.042 |.053 |.065 |.080 |.094 |.110 
5200 | 4550 | 4070 | 3660 | 3330 | 3050 | 2800 
y phe .059 |.077 |.097 |.120 |.146 |.174 | .202 
2 .023 |.031 |.039 |.048 |.058 |.070 | .081 
| | | 
8300 | 7300 | 6480 | 5800 | 5300 | 4850 | 4480 
ot 046 |.061 |.077 |.095 |.115 |.137 | .161 
2 .018 |.025 |.031 |.038 |.046 |.055 | .065 
ae 6’ : | 6’-6" | 7 | 7'-6" 8! 8'-6" | 9' 
7200 | 6630 | 6140 | 5730 | 5390 | 5050 | 4790 
li 113 |.182 | .154 |.176 |.202 |-226 [255 
on 046 |.053 | .062 |.071 |.081 |.091 | .102 
$800 | 9100 | 8450 | 7850 | 7350 | 6950 | 6550 
13 096 |.112 |.130 |.149 |.170 |.191 | .215 
1.089 |.045 |.052 |.060 |.068 |.077 | .086 


The black figures denote the safe load at 1800 pounds stress. 


supported. The figures in the third line are deflections for 


For %” joists multiply above safe loads by 0.54. 
For the full sections 


Multiply the loads of the corresponding short sizes by... . 
Multiply the deflections by™... ..4. a. 6... een ee 


For continuously supported joists multiply the loads by 1.5 


; 
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_ SUPPORTED BY TWO OR THREE SUPPORTS. 


| IN FEET 
3’-6” | 4’ 4'-6"| 5’ | 5’-6" 


6’ | 6’-6" 7! 8’ 


1140 | 1000 | 890 | 800 | 725 | 670| 615 | 570] 500 
1225 |.160 }.20 |.25 |.80 |.386 |.42 |.49 | .64 
049 | .064 |.08 |.10 |.12 |.144 |.168 |.196 | .254 


ar fond itt) i213" @ 


1400 | 1300 | 1220 | 1150 | 1080 980 900 
320 |.560 |.415 |.470 |.525 |.650 | .790 
lowe feta 66. |2190, || .210 1.260: | -320 


2620 | 2430 | 2260 | 2150 | 2030 | 1830 | 1660 | 1520 | 1400 
230 |.270 |.310 |.345 |.390 | .480 |.580 |.690 | .810 
Bove 05 | 24 12138 | .156 | .192 | .232 |.276 | .324 


4160 | 3880 | 3630 | 3430 | 3230 | 2920 | 2650 | 2420 | 2250 
87 | .215 | .244 |.275 |.310 |.380 |.460 | .500 | .645 
-O75 |.086 |.098 |.110 | .124 | .152 |.184 | .220 | .260 


9'-6"| 10’ |10’-6'| 11/ |11’-6"| 12’ | 13 | 14” | 15” 


4540 | 4300 | 4070 | 3920 | 3730 | 3580 | 3320 | 3070 | 2870 
.283 | .313 |.346 | .880 | .415 | .450 | .53 .615 | .705 
Berto lor Welo2 4.167 |.18l |'.213 | 246° | 282 


C200 | 5900 | 5620 | 5360 | 5140 | 4920 | 4550 | 4200 | 3950 
240 | .267 |.295 | .323 | .353 | .383 | .450 | .520 | .600 
50969} .107 | 11S | .129 1.142 |.154 |.180 |.209 | .240 


The figures below the black denote the deflections, if freely 
three supports. 


For 134” joists multiply above safe loads by 0.85. 


Ox 4" ONG" 2’'x8" 2"'x10” o""x12" Dry 4/4 
iO 1.46 1.40 1.37 1.34 1.32 


0.87 0.92 0.94 0.95 0.96 0.97 
and the deflections by 0.75. : 


’ 


; 
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SAFE LOADS AND DEFLECTIONS FOR GIRDERS 
CARRYING JOISTS. 


SPAN IN FEET 


Magra | 8’ |5’-6’| 6’ |6’-6" i7’-6"| 8’ | 9” | 10’ 
y) 5 "y 5 _5"| 3400 | 3100 | 2800 | 2600 | 2400 
8 8 | .064 | .078 | .092 | .108 |.1250 The deflections are for semi- 
4300 | 3800 | 3500 | 3250 | 3000 paler srs 
3X6" | O60 | -072 | 086 | -100 | 117 
y) Sy 73" 5”| 6200 | 5600 | 5200 | 4800 | 4400 | 4100) 3900) 3450) 3100 
.047 | .057 | .067 | .079 | .092 | .105] .120] .152} .188 
3" x 8 7600 | 7000 | 6400 | 5900 | 5400 | 5100) 4800| 4300] 3900 
X -045 | .054 | .065 | .075 | .088 | .101] .115] .146] .180 
SAFE LOADS ON SUPPORTS 
Unsupported ited | 
fen 
least width of upports Unsupported Length 
supportin laches section pounds | 
2.0 720 | op LO Uae iat Rasy 14 
os ay | 
ie 600 | Be’x38" | 6.1] 6.0| 4.1] 3.3] 3.0 2.60 
23 nag | 4x4" «| 9.2| 7.41 6.1] 6.2] 4.4| 3.8 
a eal 16’ | 17"| 18" | 19’ | 20’ | 21° 
2.6 427 ; 
eT eerie tinal sal as 
2.8 367 6! "6" 15.0 |13, 3 : : : 
a 55 oy |23" | 54" 26! 27" |'28" 
3.0 320 
3.1 300 58/53” | 5.7] 6.4] 4.8] 3.7] 3.8 | 3.5 
89 289 
3.2 282 6’xq” =|: 7.8| 8.1 6.60] 6.5] 5.1 | 4.8 
BOG! 265 
3.4 250 
3.5 OT, 
3.8 200 ; 
4.0 180 The black figures denote the permissible load in 1000 pounds. Where 
4.2 164 a strut is braced at mid height, take as unsupported length 2 of the 
4,4 148 height. Where a strut is braced at the two points 4 of the height apart 
4.6 137 take as unsupported length 3 of the total height. 
4.8 125 
5.0 117 | 
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DATA ON BEAM FORMS. 


Nominal Sizes of Lumber Used Feet 

i Peet ae a! 
Size of B : . con 
een | bottom One Side ei 
Lineal 

SIS&IE SIS Foot 

34x 62 |2 x 4 2x8 4.00 
4x74 |lix4 14x8 3.33 
5éx 83 [2x6 2x10 5.00 
6 x 94 14x 6 14x10 3.92 
Tix 8} PAS Ss 2x10 5.34 
specs Wie 14x 8 14x10 4.17 
54x10? |2x 6 2x12 5.67 
6 xI14 lix 6 1$x12 4.42 
74x103 28 212 6.00 
8 xllt |lix 8 14x12 4.67 
94x10% {2 x10 2x12 6.34 
10 x1l$_—s | 14x10 1$x12 4.92 
7$x123 (2x8 2x14 6.67 
8 x13$ 1jx 8 14x14 5.17 
94x12 |2 x10 2x14 7.00 
10 x134 1$x10 14x14 5.42 
(tx144 [2x8 2-2x8 7.67 
8 xld$ [14x 8 2-14x8 6.00 
94x144 — 12 x10 2-2x8 8.00 
10 x154 =| 1x10 2-14x8 6.25 
114x144 2 x12 2-2x8 8.33 
12 x164 12x12 2-14x8 7.00 
74x164  |2 x 8 1—2x8,1-2x10 8.33 
8 x17$ 14x 8] 1-14x8,1-1}x10 | 6.50 


9x16 {2x10} 1-2x8,1-2x10 8.67 

10 x17$ [14x10] 1-14x8,1-14x10 | 6.75 \ 

Where the length of the forms is not in even feet, we shall 
have a certain waste in cutting the commercial lengths of 
lumber, which waste may reach from 10 to 20% of the values 
given in the table. A girder or beam form has rarely to 
carry more than 600 to 800 pounds per lineal foot, and by 


Size of Beam 


114x164 
12 x174 


95x18} 
10 x194 
114x184 
12 x194 
94x 204 
10 x214 
114x204 
12 x21t 
11dx22 
12 x233 
114x26 
15$x26 
11$x28 
13$x28 
114x380 
134x30 
15x36 
13$x42 
15 x42 
15 x48 
17 x48 


15 x52 
17 x52 


DATA ON BEAM FORMS. 


in 
Bottom 


SIS&IE 
2) xl 
ex be 


2 x10 
13x10 


2 xD 
2x12 


7A 9-0) 
14x10 


Pe 2, 
exe 


x12 
x12 


orally 
x14 


x12 
x14 


x12 
x14 


x14 
x14 
—2x8 


2-2x8 
1-2x10 
1-2x8 


2-2x8 
1-2x8 
1-2x10 


bo bo 


bo bo 


bo bo 


to bo 


bo bo bo 


Nominal Sizes of Lumber Used 


SIS 
1—2x8,1—2x10 


1-14x8,1-14x10 


2-2x10 
2-14x10 


2-2x10 
2-14x10 


1+2x10,1-2x12 


1-14$x10,1-14x12 


1-2x10,1-2x12 


1-14x10,1-14x12 


2-2x12 
2-14x12 


2-1x10,1-1x8 
2-1x10,1-1x8 


3-1x10 
3-1x10 


4-1x8 
4-1x8 


4-1x10 
4-1x10,1-1x6 
4—1x10,1-1x6 


4-1x10,2-1x6 
4-1x10,2-1x6 


4-1x10,2-1x8 
4-1x10,2-1x8 
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Feet 
Board 
Measure 
per 
Lineal 

Foot 


Oi 


Stiffeners 


9.00, 


7.50 


9.33 
7.25 


9.67 
8.00 


10.00 
7.75 


10.33 
8.50 


11.00 
9.00 


8.72 
8.92 


8.92 
9.25 


9.73 
10.07 


11.63 
12.85 
13.35 


14.53 
14.87 


16.45 
16.78 


2"'x4!-3'lg 
4’0’e.c. 


oe 
“ec 


2x 4"-3'-9" lg 
3/-6"e.c¢. 


2"'x4"—4/ ly 
3/-3e.¢. 
2"x4"—4/—-6" le 
"x45 ‘eg 
3/-0’c.c. 


ise 45 ifs) 1g 
3/-0"c.¢. 


‘inspecting the tables on pages 92 and 93, it will be found 
‘that the side boards can carry this load on six feet and more 
‘with deflections less than 1/10”; therefore, it is not necessary 
to place supports nearer than 5’ on centers under the girder 


forms. 
, 
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ARRANGEMENT OF FORMS FOR TYPICAL FLOOR 


CONSTRUCTIONS. 

Joists | Girders | Number) 5 F Joists | Girders | Number) & 
Spacing =| width | width | of | 5] Scie | with | width | of | 5 
- and and [4"x4" | 2 a and and | 4’x4"| © 
ays Depth | Depth |Sup’t’s| = Bays Depth | Depth | sup't's| & 
2x12" | 2"’x6" |'3"x6" | 4 1] 18’x18! | 2’x6" |4’x8"t| 5+ 2 
12x14 4 1 18x20 | 2x6 107 | 18 
12x16 4 1 18x22 | 2x6 107 | 18 
12x18 4 3]| 18x24 | 2x6 10+ | 18 
12x20 i 4} 18x26 | 2x6 8x8 |12+ |. 8 
12x24 7 4 18x28 | 2x6 8x8 {12+ 8 
——— aS 18x30 | 2x4 | 3x6t|19+#| 13 
eae a i] 18x38 | 2x6 nel sot" 13 
rae t8 6 9 18x40 | 2x6 3x67 | 19t*) 18 
14x20 6t | 9 18x50 | 2x6 3x6 | 2674] 18 
14x22 1 | 4 a PR 
14x24 7t| 4 2x6 1ot® 18 
14x26 or | 5 2x6 107*| 18 
14x28 g+ | 5 2x6 107*| 18 
14x30 3x8 |10+#| 6 ah cp lat 
14x36 3x8 |11+4| 11 eae mie 

14x40 | 2x6 | 3x8 |117* ex 4 
5 2x8 19t*) 21 
_ 14x50 2x6 | 3x8 |167* 2x8 2344] 18 
16x16 2x6t| 3x8t} 4T —_— oan 
16x18 2x8 2x6T 104%) 18 
es et oa i3t4l ie 

b¢ Os oxé Dil 
16x24 | 2x8 8T 2x8T 13+*| 20 
16x26 | 2x8 St 2x8 16+*| 19 
16x28 | 2x6 | 3x8t/11 —_—_—— 
16x30\ | 2x6 | 3x87) 11T* 2x6T 13+*| 20 
16x35 2x6 | 3x8T|14T* 2x6T 167+*| 20 
16x40 2x6 | 3x8t/14T* 2x8T 16t*| 20 

16x60 | 2x6 | 3x87/19T* 2x8T 16+* 


+ Denotes that full size of lumber must be used. 

* Denotes that the 4’’x4” must be braced at mid-height by 
/1”x6” in both directions. 

The figures numbers refer to pages 100 and 101. 
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Size of 


114}x12 
134x133 
153x153 


174x174 


194x194 
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DATA 


Boards Used | Boards Used 
in in 
Shorter Sides | Longer Sides 
SIS & 2E SIS & 2E 


2-7"x93” 4 i"x53 5 


2-fxll14 


~ 8 a i at 
Q-ixbg | 1 Sx'8 

ve | 2-§x9 
sill J | Siar 
2-§x73 5 
Axo | i ba. 
5 | 2-gxd8 
4-§x9§ | 4-Ex73 


FRAMES £3 
gz8 

Size 532 
length =jeSZ 

Inches a = 


ON COLUMN FORMS. 


3 bS | bo bo | bO bo] bO bO | bO bS | lO S| BO bO [ bb | tO bo 


ox4 | 1-95 >t 2 
2x4 3-0 

2x4 

2x4 3-2 

2x4 1-6 ie 
2x6 3-4 

o26 | canta 
2x6 3-6 


2x4 | 2-10 | 


1-44 aa 3 


2050] & 3 


Z F 4 
29x294 | 6-Ex9§ | 8-Ix7§ | 4 | 4x4 | 3-6 re 
31x31 | 8-§x7§ | i af | 4| 4x4 | ~ 8-8 23. 
8 
33x33 Ps reel E 4| 4x4 | 3-10 |24.3 
13.5 Octag. 8-13x58 Similar to 134x133 | 10.8 
18.5 Octag. 8-13x78 Similar to 194x194 | 15.1 
23.3 Octag. 8-13x98 4| 4x4 | 3'-0" | 20.0 


28.0 Octag. | 


The frames are two feet ec. 
25x25144, where they are 18” ¢. ¢. 


8-12x1l1} 


! 4 


4x4 | 


ike 

a 

* 

a 
~ | 2m 
One | = 
Site | © @ 
f | Ss 
Frame 


2280] § — 


3400} ry 


3600] § 


3850) & 


c, except in 23x234%, and 


All 2"x4”, 2’'x6” and 4’x4” are rough, 
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FREE SPANS IN BOARDS FOR COLUMN AND WALL 
FORMS. 


s 
= nessmrt Greatest Free Span of Column Boards Greatest Free Span of Wall Boards 
2 in 
=) oe Thickness Thickness 
= per 
= Square Foot ” 137 Ly A 137 13” 
1 70 a et 
2 140 2’-6" 3-6 5-0 5-9 
3 210 2-6 3/—6" 3-3 4-7 50-3 
4 280 2-3 S- 3/-9" 3-1 4-5 4-9 
5 850 2-0 3-0 3-H 2-9 4-4 46 
6 420 2-0 2-10 3- 2-6 4-0 45 
7 490 1-9 2-9 3-3 2-4 3-8 4-1 
8 560 1-9 2-8 3-0 2-2 3- 3-10 
9 630 1-6 2-7 2-11 2-0 3-3 3-8 
10 700 1-6 2-7 2-10 1-11 3-1 3-6 
1 770 1-6 2-7 2-10 1-10 2-11 3-4 
12 840 1-6 2-6 2—() 1-9 2-10 3-2 
13 910 1-6 2-6 2-9 1-8 2-9 3-1 
14 980 | 1-6 | 26 | 28 | 1-8 | 27 | 3 
15 1050 1-6 2—6 2-7 1-7 2-6 2-10 
16 1120 1-6 2-5 2-6 1-7 2-5 2-9 
17 1190 1-6 2-5 2-6 1-6 2-4 2-9 
18 1260 1-5 2-4 2-5 1-5 2-3 2-8 
19 1330 1-5 2-3 2-4 1-5 2-3 2-8 
20 1400 1-4 2-2 2-4 1-4 2-2 2-7 


We assume that the boards are not stressed more than 1800 
pounds per square inch, and that the deflection of the boards 
are limited in columns to 1/30”, and in walls to 4”. 
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_¢arts which are at present used for wheeling of the concrete, 
and experience proves that very little breakage oceurs in the 
%”" flooring. 

The floor boards must be supported by joists. These joists 
should be surfaced on one edge to make them all of the same 
depth, and should be laid with the crown up. The joists are 
either carried entirely by ledger boards, nailed to the side of 
the beam forms, or partially by ledger boards and partially 
by 3”x6” or 3x8” girders. The deflections in joists should 
be limited to 4”, and assuming that each joists has to carry 
per lineal foot a load of 160 pounds, which corresponds to the 
weight of a 5” slab and a live load of 20 pounds per square 
foot, where the joists are spaced 2’ ¢.c., or to the weight of a 
6” slab and 20 pounds live load, where the joists are spaced 
19” ¢@. @., we can find the clear spans which do not stress the 
lumber to more than 1800 pounds per square inch, or deflect the 
joists more than 4,” in the following table: 


Size of Joists, Inches.....|18x 34) 2x52/13 x54) 2x52 /18x7% 2x77 |18x og 2x9% 
Span, if freely supported) 5’ | 5’—7” |6’-11”| 8’-0” | 8’-8” | 9'-6” |9’-11"|10’-8" 
Span, sup'td on 3 sup’rts. 5! 6/—3” Tee 9'-6” Orn" 1 1 1g! 12"-97 13-2" 


When the spans exceed the figures given for freely supported 
joists, they must be supported by 3x6”, or 3”x8” girders. 
These girders always are supported in the center by a strut 
in order to limit their span to 6’ to 9’, and the exact spans can 
be taken from table on page 92. 

The tables on pages 96, 97, and Figures 19-23, on page 98, 
give the data for the beam forms for all beams given in beam 
tables on pages 6 to 10. 

The depths 634’, 834’, 10%” 1234”, 1414”, ete., refer to 
beams No. 1 to No. 65 of the beam tables, and are to be used 
where the commercial sizes of lumber are less than the nominal 
sizes, while the depths of 744, 9%, 1114, 13%, 15%, ete., refer 
to beams No. 201 to No. 265 and are to be used where full 
sized lumber is obtainable, 
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Figure 19 shows the form for a beam 10%” deep. _ This 
depth is obtained as follows: We add to width of the nominal 
12” plank, which is actually only 115g”, the thickness of the 
floor boards=%”, and deduct the thickness of the bottom plank, — 
which in most cases is 134”, and obtain 1034”, depth of the 
stem of the concrete beam. As a rule it is unnecessary to use 
as thick planks as 1% or 156”; planks 154” thick are amply — 
strong in most cases. They are, however, rarely kept in stock, 
and can as a rule only be obtained by resawing of 3” planks, — 
Because they are more rarely used (although their use rep- . 
resents a considerable saving), we assume their use only in case 
of full sizes of lumber. Here the depth of 1114” is obtained 


_by adding to 12” the thickness of the floor boards=7%%”’ and — 
‘deducting 136”, the thickness of the bottom boards. 


In beams of a greater depth of 12%,” or 1314”, two planks 
must be used for the sides of the beams. For depths up to 
16144” or 1714” these two planks may be held together by the 
1’x4” (rough) ledger boards, as shown in Figure 20, which 
ledger boards are nailed to both planks by 6d. nails, 6” ¢.c. 
The side boards are nailed to the bottom boards by 16d. or 
12d. nails (according as to whether 156” or 13¢” planks are 
used), 18’’ ee. These nails should not be driven home, but the : 
heads should be left projecting about %”, to facilitate the 
taking down of the forms. Where no ledger boards are used 
the sides must be held together by 1x3” or 1’’x4” cleats, spaced 
about 4’ 0” ¢@.¢., as shown in Figure 21. Figure 22 shows 
beam forms up to 2114” depths. The sides must be held 
together by 1x4” cleats, 2’ 0” ¢e.¢., which cleats are about 
12” long and nailed to the side boards by eight 6d. nails, and 
to these cleats the 1’’x4’” ledger boards are nailed by six 6d 
nails. 


Above 21144” we recommend the use of %” boards for the 
sides, to which sides are nailed at distances given in table, 
rough 2’’x4"” cleats, which are tied together at the bottom of 
the beam by two pieces 1x6” or 1x8”; as shown in Figure 
23. It is well to wire the 2’’x4” cleats after the steel bars 
are placed, in order to prevent the spreading of forms by the 


| 
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pressure of the concrete. The ledger boards should be 1x6” 
and nailed to the 2’’x4” cleats, and should be further supported 


by 1’’x6” bracket pieces, about 8’ long. 

For spandril beams and sometimes for deep girders, a design 
as shown in Figure 33 is of advantage. The cleats are nailed 
to the sides and hold the sides together by- bolts and distances 
pieces, ‘‘c.’’? The cleats must be figured for deflection by the 

ti \ See 

5X10 J *wt ’ 
distance of the cleats ¢.c. in feet, h the depth of wet concrete 
in inches, w the width parallel to the beam in inches and t the 
thickness of the cleat under right angle to the beam. For 
15%x3% flat and on edge and for 2’’x4” a flat and on edge, 


the formula reduces to (Gr) Cs! y" mh y 
1960 \, 10 Seep 10 2400\ 10 


saw(aa) * 
9600\ 10 
The stress on the bolts=2n( 7)" x35=50n( 7). Lietox 


example, the girder is 24” deep, n—3’-0”, and we use 2”x4’’ 


formula. Deflection in inches= es when n the 


rough cleats, flat a x 2.4°==0.1 inch, or if the girder is 
ae 2400 


six feet deep and we concrete so rapidly that there may be 
40” of wet concrete in the girder, and n=2’ and use 2”x’’ 


on edge, then Dar =0.214 inches, and the strain on the 


bolts in the latter case—=50 2x 4*=1600 pounds, which will 
correspond to 1%” bolts. 

The data for column forms are given on page 102, and shown 
in Figure 24 on page 98. The forms were figured for a pres- 
sure of wet concrete 12’ in height, and we assume that the con- 
erete pressure—water pressure. 

We ascertain the depth of wet concrete producing a pressure 
water pressure in a column or wall, by forcing a stick of 
wood, 1’’x1”, into the concrete. The greatest depth it can 
penetrate gives us the depth of wet concrete in above sense. 

The boards are held together by frames in distances of 2’ 0”, 
and the pressure per side of frame is given in eighth column, 
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The frames consist of 2x4” or 2’x6”, nailed directly to the — 
sides, and are held together by bolts in one direction and by ; 


1” cleats, nailed to the 2’x4”’, as shown in Figure 25. The a 


boards for the sides of the columns should be surfaced one side 
and both edges, and the deflection of the boards between the 


frames will be found to be less than 1/30” For columns larger — 


than 27” the frames should consist of 4x4”, bolted in four 


directions. In this case the side boards are cleated together — 


u 


by 1x4” every four feet. The corners should be rounded off — 


by nailing right angle triangular strips in the corner of the 
forms, either of 1” or 2” sides. On one side a loose board 
should be left at the bottom to allow of cleaning out of the 


column form before concreting. 


The octagonal column forms of an inscribed circle of 13.5”, 
18.5’, 23.3” and 28’’ diameter can be built, using stock lumber 


as given in the table and filling in the spaces between the — 
planks by one inch triangular strips. The frames to hold the © 


planks together can be made of the same size as given for the — 


corresponding square columns. 


Form lumber per lineal foot, as given in the table, includes — 


the bracing to hold the forms in a vertical position. 


Where the length of the form does not correspond to the 


commercial length of lumber, there will be a certain waste, but 
it will rarely exceed 10% of the figure given in the table. 


Figures 27 to 32 show the scheme of the wall forms which 
we recommend. Where the progress of the conerete is thus that 
not more than three, five or eight feet of wall are conereted in 
two or three hours, the forms should be built according to 
Figures 27, 28, Figures 29, 30, or Figures 31, 32, respectively. 

These forms are figured for a height of wet concrete of 3’, 
5’ and 8’. It is generally cheaper to use wires to hold the 
forms together, when the wires can be tightened from the 
inside, but for thinner walls the use of bolts will be found 


considerably cheaper and more reliable, although it takes more 
lumber. 
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_. For uprights 1-5¢’x35¢” may be used in all cases, 

The bolts in all cases should not be less than 5%”. 

In Figure 28 the bolts should be spaced 7’ ¢.c., when full 
— 2"x4"" are*’used for whaling pieces, or 6’-0’ when 1-54’'x3-5¢" 
are used. 

In Figure 30 the bolts must be spaced 5’-0” ¢.c., or 4’-0” @.c., 
according as to whether 2’’x4”, or 1-5¢’x3-5%"" are used for 
whaling pieces. 

In Figure 32 only one 2’’x4” need to be used when the bolts 


are placed next to the uprights. 
The following table gives the quantities of lumber per square 
foot in the various types of wall centering also the number and 


weight of bolts and wires. 


Feet of Form Lum- | Weight of Wire Weight of Bolts per Square Foot 
her per Square | per Square Foot of Wall 6” Thick 
Foot of Wall 
(Both Sides are of Wall 
Included) 17” Thick 2x4 Whaling Thx3# 
FEM Tees. 2.75 .056 
Figat® 29)..-.,--....-. 2.80 AGS 
_ Figure 31.............. 2.90 28 
Figure 28.............. 3.65 Ales to; 16 
Figure 30.............. 3.90 28 .28 
urn a2 areca: 3.45 46 


The deflection in the boards are less than 1/30’, and in- 
eluding the deflection of the 154x35g uprights and whaling 
pieces, the greatest spread of the forms should not exceed 1/10” 
at each side, when above arrangement is used. 
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The table on page 99 gives the best arrangement of joists, 
girders and supports for the typical floor constructions of 
pages 44-54. It is always assumed that 1” flooring and 2” 


planks for beam forms are used. The size of the joists is. 
given in the third column; the exact spacing of the joists, — 


4 


however, should be found by consulting tables on page 92. A 


+ denotes that the sizes must be full, or larger joists should 
be used. The size of the girders, supporting the joists, is — 


given in the fourth column, and in nearly all cases full sizes 
should be used. The number of supports is given in the fifth 


column and a * denotes that the supports should be braced in. 
both directions at mid-height by 1x6” boards. The number 


of supports were found by figuring the weight of the whole 
panel and dividing by the permissible load on one support, and 
making a proper deduction for the weight carried directly by 
the columns. In the sixth column is given the serial number 
of the sketches on pages 100 to 101, showing the arrangement 
of the form work. The black circles in these figures indicate 
the concrete columns; the black lines, the beams and girders; 
the dotted lines the 3’’x6” or 3’’x8” girder; the plain circles 
one 4’’x4” support, and the circles with a cross denote double 
4'"x4", as shown in Figure 34, The direction of the joists is 
indicated by arrows. In some eases the load on one or two 
supports in one panel is greater than the average, and it may 
be of advantage to use for these supports 4’’x6” or 6x6”. 

For ceiling heights greater than twenty feet it is generally 
cheaper to use 6’'x6” supports, instead of the 4’x4’’ given in 
the tables. For example, where the length of the 6’’x6” sup- 
ports are 22’ it takes the same number of supports as where 
the length of 4x4” are 10’. To facilitate the leveling up of 
the floor and the taking down of the forms, each support should 
be set on two wedges, each being 12’’ long and 4” wide (or 
wider for supports larger than 4’’x4’’) and 14” thick at one end 
and 214” thick at the other end. It takes as a rule one wedge 
for every 20 square feet of floor, 
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The cost of the form work can be very materially diminished, 
if working drawings for each beam and girder form, wall 
\panels, etc., is made, and the presence of a competent engineer 
or draftsman will easily save 10 to 30% of the carpenter 


payroll, 


NAILS. 


Common wire nails have the following lengths: 


2d | 3d} 4d | 5d] 6d} 8d | 10d/ 12d} 16d] 20d 
Length in Inches pA yd ag ee NLS a a on Ws A a 


Nunbea in 1 Pound... 716 | 440 | 300 | 210/163] 93] 66] 50| 40] 32 


To nail down the one inch flooring, which consists generally 
of boards 6” to 10’ wide, not more than three, at the utmost 
five 4d, nails should be used in one length of board, or it takes 
In an average, including all waste, not more than 0.25 pounds 
of 4d. per 100 square feet of floors. 

It takes about one 4d. nail per lineal foot of each beam or 
girder to fasten the corner strips, and about four 6d. nails to 
fasten the ledger boards, and about one and one-third 16d. nails 
per lineal foot to fasten the bottom to the sides. 

In a floor construction as given for the first floor on page 83, 
we have per 100 square foot in an average 0.5 pounds of 4d., 
1.5 pounds of 6d. nails, and 0.4 pounds of 16d. nails, 
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RETAINING WALLS. 


The earth pressure per lineal foot of a wall of the 
height h in feet we assume to be given by the formule 


P=Msh*tg? (45° — >), when s the weight per cubie foot of 


the earth and a the angle of repose. Let s = 100 pounds anc 
a=32°, then P=15 h2, and by differentiation we obtain the 
pressure per square foot at a point h below the wall as 
p=30 h, showing that the pressure is distributed along the 
height of the wall similar to water pressure, and that the 
resultant of the earth pressure must act at a point, which is 
26h below the top. Neglecting the friction of the earth agains 
the-wall, or in other words assuming the pressure to act hori 
zontally, this earth pressure produces an overturning momeni 
about the center of the base of the wall=15h2x 4h=5h3 
In all retaining walls in the tables the base—15h, the toe= 
14h and the heel=%h. To simplify the calculation we shal 
assume that the concrete per cubic foot does not weigh mori 
than the earth, then we can readily put the moment from thi 
weight of the earth about the center of the base =100X %4hx 
hX gg X100=2.34h*, which moment acts in opposite direction 
of that of the earth pressure. Deducting, we have the result 
ant moment=—=2.66h*, Applying Hooke’s law, this bendin; 
moment must be equal to the moment of resistance of thi 
rectangle of the base, which is one foot wide and %h deep 
multiplied by the extreme stress at the edges per square foot 
Or 2.66h°=Sx % X (44h)? or the extreme stress per squar 
foot S=64h, which means a compression at the toe and a1 
ideal tension at the heel. To these stresses must be addex 
the average uniform pressure produced by the weight of th 
earth=100 X 3gh?+%4h=75h, which results in a distributio: 
of pressures as shown by the trapezoid abed in Figure 57 
In as much as there are only compressive stresses produces 
at the base, the wall is perfectly stable against overturning 
It is also safe against sliding, as the relation between th 
earth pressure and the weight resting on the base of the wal 
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is as 15h?:37.5h?=0.4, while the coefficient of friction is 
about 0.566. 

The toe may be lengthened and the heel shortened till they 
are both of the same length, without jeopardizing the safety 
of the wall against overturning, but as the weight on the base 
becomes smaller the safety against sliding is diminished, and 
we have to resort either to an inclination of the base or to 
projections into the ground from the base, in order to increase 
the sliding resistance. : 

We can clearly see that the upward reaction of the growl 
stresses the toe like a cantilever. In case of the heel we 
have to consider that the reaction of the ground is smallei 
than the weight of the earth above it, therefore, a reversal 
of stress takes place, and the distribution of the downward 
pressure is given by the trapezoid efgh in Figure 57. 

The stresses are only immaterially altered if the real weight 
of the concrete enters the calculations, for the reason that the 
thickness of concrete is small in comparison to the dimensions 
of the structure. 

The retaining walls as Fig. 55 are figured on the cantileve1 
principle both for the toe and the heel, and on account of the 
reversal of the stresses the vertical rods of the wall must rur 
into the upper face of the heel and into the bottom of the 
toe. The toe takes up 20% of the overturning moment, and 
the heel 80%, and in the same ratio the steel rods should be 
divided. 

To prevent cracks it is the writer’s practice to reinfores 
the wall horizontally at the top by 144% and diminishing thi: 
percentage to 4% or 44 at the base of the wall. The write: 
does not place any longitudinal reinforcement in the toe 0: 
heel. Place three 14” stirrups at each rod, turning into the 
heel, as shown in Figure 55, 

Up to a height of 15 feet this type of walls are cheape 
than reinforced concrete walls with counterforts, as shown it 
Figure 56. The bending moments in the face of these wall, 


are figured by the formulaPl, when p=30h, and l= clea 


distance between counterforts in feet. The toe is again ; 
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| cantilever, while the heel is stressed the most at the edge by 


a uniform load per square foot—89h. Also here the bending 


2g 
moment is taken as - 

The table gives the reinforcement per lineal foot of toe and 
the reinforcement for the heel plate at the edge, which rein- 
forcement may be safely diminished to 4% at the point h. 
The main reinforcement in the counterfort is obtained by con- 
sidering the counterfort as a slab of the width given and a 
depth=0.35h and is also given in the ninth column, while the 
horizontal and vertical bars marked ‘‘a’’ and ‘‘b’’ in Figure 
56 must be figured to take up the earth pressure=30h X dis- 
tance of counterforts and the weight of the earth according 
to diagram Figure No. 57. 

To take care of the negative moments both in the wall and 
in the heel plates, rods of a length=0.4 the distance be- 
tween counterforts must be placed at the counterforts both 
in wall and heel slabs. 

The main reinforcements of the counterforts should extend 
into the heel plate at least 1/10 h, and % of the rods may 
be stopped of at about 14 the height of the wall. The re- 
inforcement of the toe should be 0.29 h long. The horizontal 
reinforcement of the wall may be gradually diminished from 
the values given for the base to the value given for the top. 
As vertical reinforcement, 4% round 12” ¢.¢. or its equivalent 
will suffice. 

For a surcharge equal to the weight of earth of the 
height h*, the pressure per foot of wall=15 (h’+2hh') and 
the distance of the resultant earth pressure from the hase 
eh 3hi+h 

3 Mi th 


‘%,V spenba juoMoDd10JutEI [BUIpNyLs aory 


“eZ gnoqe = -XeysT = yooz [vouty rod yuomom Zuipueq oy} {Apoatoedser ‘100g juoueseq pu 
oof ysay Aq ‘u10930q puv doy prey ‘quis % se poINSY ore sjuomeseq OZ ST[VM Sururejor yy, 


el 0°90! O'vE cs" “) uve W0-16 00666 ST 
89 0°S6 0°0€ 08° 9 54 19-18 OOCFSE LL. 
v9 o'e8 _ 0°92 GL’ 9 10% W-18 00206 OT 
09 O'EL 9°27 99° 51 lo | Wik OOOLT GI 
a 6 99 0°69 Orsi GL 9 ual Mn-ik OOLET FI 
= 8 rs] og OL! og" 9 wal 9-19 OOOIT | § 
fe) 
I 988" 8 8b 0°09 OL‘2! 8g" g 74 HD | OFIB ae 
a 066" L vb a'0F 0011 SF g all w-1e | 0G99 IT 
pA O86" 9 Or O'€€ 0v'6 SS. g wOl w0—1S 000€ OL 
rH OST” 9 9€ z'8z ogee |- se ¢ 8 -F | ob9e 6 
7 Ost’ g ze e'LI 09°9 GG" F al AH | COC 8 
i OZT" > 82% z'vl Or'r 0g" a ) iS | OBLI Z 
S OZT" b vz v'0l 0z'e 06° F wd A-& | O80T 9 
g a + 02 QL 09°2 a F wv | M6 | GB g 
OZE v 91 0'9 00°2 a i F u¥ WO-1G 06S F 
sayauy “bs sayou, | aunseay preog | yoo; yeauty sad | yooyyeoury sad | — “suy “bs sayauy sayau] ; fre ‘S0H904 | yy yo doy 
100) jeauly sad ae 3924 qwawaasojuiay |  ayas9u0g | yooy yeauly sad | doy ayy ye | aseg ayy ye a aseg Jo 19]09 oyaseg wo 
qwouaaojnay | MPMI | yoo) peau; sad yo 40 wuowaaiojajey |] 9 yoy yuawoyj 
{e9149A jo Rady] SSBUADIYL | saquiny wuoy | yysIaM yeyoy | yaa} aJong | jeatysa.. Jo Baly Hem JO ssauyaryy 2 Suusnyiaag | HEM J02NS19H 
SLNIWISVG YOd { uV,, IdAb 


116 


STIVM ONINIVIEA 1O SHILAado0dd 


ila tg 


CONCRETE POCKET BOOK. 


Th GP 0SSssot 


s[yea asouL 


-Yory} @ FO S[[VA oJotoUOD pI[OS s¥ SurmANZ19A0 jsurese ogvs se ysunf oe 
oor | ‘1z9|0°6L1] SOT | OS | SSE | OE | 0G9T} UL L911 Fe | 9 | ET] 000GZ9 | Os 
gz | “a6e/0°901| [8° uLG GES | al | 096, | «Sl WE-V1L GL" 19 |6L| 0000GE | OF 
gzz | “L92|0°28 | GL uVG OPT |} we | 092%) 7SE WS-.EL 1¢° |9 |GL| 000ETG} ge 
os! | ‘sez}2'9g | OOT | JST 00° | »LL | 06S | ul iLL 8g |9 |6L] O00SEL | OF 
g91 | ‘12ez|e°09 | 06° WSL 69T | «8 | O6F | ul LT GG’ 19 |TL|OOOOIT} 8¢ 
os! | “691/99 | 08" aS 80°T | «ST | L6°S | wT LT OF | 9 | IT} 00088 92 
Ori | “Erl |G Or | GL” nS GL" w&L | 62S | acl AME GF | 9 |OT| OOL69 ve 
gzi| ‘lel |z'ze | OO'T | wl 06° wel | FSC | «Gl AL 9¢° | 9 {OT | OOSES ce 
Oll | “S01 |e€°Le | 98" uGL 09° wOL | FFL | a8 W8—OL 8&° 19 16 | O000F 02 
101 | “€6 |¥ ae | BL nol GF woL | PET | vw 8-01 98° |9 |6 | 00ZPE 61 
ze |2'e8 |9's@ | 99° wel 9¢° vol | GGT | a W8-OL 9° |9 16 | 00666 BI 
IF ot eA 40 ane ag | sayaut | seyouy =: 204 Ut 
bobs p04 Raine a) = jpouteouy} = jambs uy) =, pee eng | azenbs | =| co | SPunog-yo0g 4 a ; 
eek ony | ee) Oe uquey| = \wauezany) | dopw | aca] =|2 | eee | yo doy 
SWOS 10} | gaye saa 2 jo ealy B  uey ueW| «= 13qua9 yo s9yuag | 0} aseg 
Jaquin] ee ees Jeuolaas joray | | goueysig wo. 
: uatuo ay 
jeuonaas yoog sad yemur | jem | ewOW hp 
eA 10 [88H | a0] quawaiojuiay jo | Summmyaag wien 
S1U04UILNNOD jeqwozioy =| SsauyaIyy ; 


100) jeauj] sad sanynquenp yup 


asvd 


‘SLUOJUALINNOO HLIM STIVM YONINIVIGS 


118 MENSCH, THE REINFORCED 


ROUND TANKS. 


In designing a tank of a given capacity, where the diameter 
or the height is not fixed by some special requirements, the 
first question which arises is to find the diameter and height 
of the tank which will make the cost a minimum. 


Let ‘‘a’’ be the average cost per square foot of the cylin- 
drical shell and ‘‘b’’ the average cost per square foot of 
excavation, bottom, covering (if any), fill (if any), then we 
can find by the theory of maxima and minima for the mini- 


mum cost the important relation H=%4DxX eee when H= 
a 


height and D=diameter of tank in feet. 


The cost per square of the shell varies from about 35¢ 
for the very small tanks to about 80c¢ for the largest tanks, 
while the cost of the bottom does not vary more than from 
13 to 17e per square foot, and that of the covering from 30° 
to 50e per square foot. 

After one or two preliminary trials, in which the capacity 
table on page 122 will be found helpful, the proper relation 
of H to D will be found, and by interpolation the proper H_ 
and D may be taken from the same tables. 

The amount of reinforcing in square inches per lineal foot 
of the shell is at a point h below the high water line given 


by 62.5hX%4D+16000 = about ne 16000 pounds being the 
allowable fibre stress on the steel. 


In the tables on pages 120 and 121 the second column gives 
the required reinforcement for values Dh up to 5000. The re- 
inforcement per lineal foot should, however, never be reduced 
below 4% of the concrete section, even if the tables give 
for the upper portion of the tanks smaller values. For con- 
venience of ready estimating the cost, the third, fifth and 
sixth columns on pages 120 and 121 give the total amount of 
steel, concrete and form lumber for the cylindrical sides for 
values of D X greatest height up to 5000, and the ninth and 
tenth column on page 122 give the total of concrete and steel 
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| in the bottom, and on page 123 will be found the data for 
| dome coverings. 

The vertical reinforcement in the shells was aseomd =\U%, 
| The rods in the bottom must run in both directions and extend 
at least a foot into the shells. 


For square or rectangular tanks the minimum cost is ob- 
tained when H=14D xb when D the side of the tank in feet. 
a 


For rectangular tanks a similar proportion will apply. The 
bottoms in square tanks can be made of the thickness given 
for round tanks, and the sides can be taken from table below. 
For the covering a girderless floor construction, as given in 
tables on page 55, will be found safer and cheaper than the 
groined arch construction which is generally employed in the 
United States. 


RESERVOIR WALLS. 


Area of Vertical Area of Vertical 
pee Thickness Reinforcement per oud Thickness Reinforcement per 
of , Lineal Foot for of ; Lineal Foot for 
Wall ” Water ae Wall ¥y Water it ie 
in Feet ane Pracsure (Pressure || Fot Inches | Pressure winrar 
6 4” rt) Be "4 14 14” .60 42 
i 44” Soe 185 15 15” .65 45 
8 5d” 34 .165 16 16” .86 48 
9 64” 09 195 17 18” .86 .o4 
10 74" 45 .225 18 20” .86 .60 
11 Det AD .270 19 ne 93 .66 
12 Oe ol .300 20 24” 293 Aer 
11) ee .08 .360 


The bending moment for water pressure on one side 


= 82.5 p2, bh _-3 ons, 
2 8 


The bending moment for earth pressure on one side 
= 15h? x 2 = 1.88h8. 


For water pressure one side and earth pressure the other 
side = 2.02h*, 
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120 
a Total Weight 
Product of Reinforcement 
Ht xD! Reinforcement in Shell 
per foot at point for H' xD! 
h'xd! 

10 -06 16 
20 -06 31 
30 .08 62 
40 .09 93 
50 -10 120 
60 12 150 
70 14 185 
80. .16 248 
100 .20 365 
110 sae 415 
120 .24 468 
130 26 525 
140 28 584 
150 .30 643 
160 son 710 
170 .o4 775 
180 .06 950 
190 .38 1030 
200 40 1100 
225 45 1320 
250 .00 1530 
275 .00 1790 
300 .60 2210 
325 .65 2510 
350 7 2820 
376 75 3150 
400 .80 3500 
450 .90 4200 
500 1.00 4800 
650 1.10 5850 
600 1.20 6800 
650 7500 


PROPERTIES OF 


t 
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CIRCULAR TANKS. 
Sectional A Total Amount 
Total Weight ; 
Area of Thickness Total Amount of Lumber 
gee Reinforcement q apa i | __ of Shell of Concrete Required ior 
per Foot at Point} 6 ty pr for H' x D! in Shell Forms in 
h' xD! 1000 Ft. B. M. 
700 1.40 9200 he 1280 7.70 
750 1.50 10100 as 1370 8.25 
800 1.60 11600 he 1470 8.80 
850 1.70 12800 iis 1560 9.35 
900 1.80 14100 (i 1650 9.90 
950 1.90 15600 te 1740 10.45 
1000 2.00 17000 i 1830 11.00 
1100 2.20 20200 fi 2020 12.10 
1200 2.40 23500 ig. 2200 13.20 
1300 2.60 27000 ii 2380 14.30 
1400 2.80 31000 ri 2570 15.40 
1500 3.00 35200 ie 2750 16.50 
1600 3.20 39700 (iM 2930 17.60 
1700 3.40 44500 ie 3110 18.70 
_ 1800 3.60 49800 8” 3770 19.80 
1900 3.80 54800 >i 4000 20.90 
2000 4.00 60500 $8” 4200 22.00 
2100 4.20 65800 8” 4400 23.20 
2200 4.40 73000 8” 4600 24.20 
2300 - 4,60 79000 8” 4820 25.30 
2400 4.80 85600 of 5650 26.4 
2500 5.00 94000 gr 5900 27.5 
2600 5.20 101000 Q” 6150 28.6 
2700 5.40 108000 Sid 6350 29.7 
2800 5.60 118000 10” 7300 30.8 
2900 5.80 122000 10” 7550 31.9 
3000 6.00 134000 10” 7820 33.0 
3300 6.60 162000 sia? 9500 36.3 
3700 | 7.40 | 202000 1” 10700 40.7 
4000 8.00 235000 12? 12500 44.0 
4500 9.00 289000 13" 15300 49.5 
| 5000 10.00 370000 15” 19500 55.00 
ee 
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Diameter in Feet 
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CONTENTS OF CIRCULAR TANKS AND DATA ON 
BOTTOMS. - 

CAPACITY IN 1000 GALLONS = ee ia Total 

= | Steel | crete | Steel 

Oe Se 4 5 Bottom . in 

om 3 2 20 D = oe pai Bottom 

= | square ubic 

Deep Deep Deep oe amt 2 Foot | Feet Spey 
.083 1.96 2.91 4.40 5.81 | 4”) .96 26 76 
stLOHe 2.60 3.92 5.85 “1S | 4) SET 32 91 
849 3.37 5.05 7.50 | 20.40 14" 1 2964 38 109 
1.00 4.31 6.43 9.60} 12.90] 4”| .96 | 45 128 
1Sh56 = .35 8.05 1- 12.10) 06.10 4" | 296 51 148 
133 6.68 9.86] 14.85) 19.80] 4”| .96 59 170 
1.51 8.00} 12:00} 18.00} 24.00] 4”| .96| 67 194 
1.70 9.59] 14.40] 21.7 28.80 | 4”| .96 76 218 
1.91 TSAO) | SLY LO Zors' 34.20 | 4”) .96| 85 245 
Zole 13.40} 20.00] 30.2 40.00 | 4”| .96| 95 273 
2.35 15.60} 23.40] 35.2 46.90 | 4”| .96 | 105 301. 
2.85 | 20.90] 31.25] 47.0 62.50 | 5” 1.2 159 456 
3.39 | 27.00) 40.5 | 61.0 | 81.0 | 5”|1.2 | 189] 643 
3.98 | 34.380] 51.5 70.0) o|-203-0 Sho eo eee 639 
4.61 43.00 64.3 96.5 | 128.5 |5"/1.2 | 267 740 
5.29 | 62.90) 79.00) 118.5 |, 158.0 | 5711.2 295 848 
6.01 64.10 95.8 | 144.0 | 192.0 | 6”|1.441} 403] 1160 
6.79 76.50 | 115.0 | 172.0 | 230.0 | 6” 11.44] 455 1310 
7.63 | 91.10] 136.8 | 205.0 | 274.0 | 6” 11.44] 509 1470 
8.49 | 107.50] 162.0 | 241.0 | 324.0 | 6”11.44]| 568 1640 
9.86 | 125.00] 188.0 | 282.0 | 375.0 | 6”|1.44| 629] 1810 
11.90 | 178.00 | 267.0 | 400. 5384, 6” |1.44 | 797] 2290 
14.70 | 244.00} 365.0 | 550. 730. y’ 11.44 | 982] 2830 
17.80 | 325.00 | 488.0 | 780. 978. 6” \1.44 11190] 3430 
21.10 | 421.00} 684.0 | 946. 1270. 6” |1.44 |1420|] 4070 
24.80 | 587.00] 805.0 |1210. 1610. 6” |1.44 |1660] 4780 
28.80 | 669.00 }1000.0 1500.  |2000. 6” |1.44 |1930| 6550 
33.0 | 824.00 1240.0 |1860. — |2470. 6” |1.44 |2210] 6380 
37.6 {1000.00 |1500.0 |2250. 3000. 6” |1.44 |2510] 7250 
42.5 {1200.00 }1800.0 |2700.  |8600. 6” |1.44 |2840| 8200 
47.5 |1420.00 |2140.0 |8210. |4280, 6” |1.44 13180! 9200 
53.0 {1670.00 2500.0 |8770.  |5000. 6” |1.44 |3540| 10200 
58.8 {1960.00 [2900.0 |4400. (5800. 6” |1.44 13930] 11400 


1 cubic foot=7.48 U. 8. gallons. 
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PROPERTIES OF DOMES 


Total Load 300 Pounds per Square Foot Total Load 600 Pounds per Square Foot 


1.92] 615| 2670/| 320. | 104} 2.53] 811] 3640 
d 2.16} 881} 3810 405. 12 8811170] 5100 
60 1375.0! 10 |2.40])1200; 5210 500. 134 3.24 | 1630] 7020 


= oe 2 Sr le 
é = Be Se22/ 25 Sots oa eFr?is Sie: Sos\s 
szl— = B\g8S| 54/8828 25|| -= 5 ves 54/823 S2e 
seg sf\g2e\c2/S2e558 292 284 25 \22.)22 
= elsct Se) ee a| SS ee SS—'S2/ [25/5 
# |@ 28i2°s| 22 |3°2 2 ="|| 528 25% 22 |g-3/2=* 
= =* |" le 
6) 20.3} 2 | 1.73] 31) 320 22.5) 12" | “48h 33 94 
20| 36.0} 2 |2.28| 665] 760 40.0} 3” 72| 87] 260 
26| 56.2) 2 |2.73| 86] 1280 62.5] 34] .84} 160] 456 
30} 81.0) 24/3.30] 154] 2440 90.0} 4 .96| 261} 751 
35 | 110.0] 3 |3.87}| 250) 3880|} 122.5} 6 | 1.20} 300] 1280 
40 | 144.0} 34|4.44] 385) 5800|} 160.0} 5$/1.32] 432] 1840 
45 | 183.0} 4 |5.01] 552] 8300/| 202.5) 6 |1.44| 590] 2540 
50 | 225.0) 44|5.58} 720|11400|} 250.0} 7 | 1.68] 845] 3650 
Total Load 900 Pounds per Square Foot Total Load 1200 Pounds per Square Foot 
16 | 33.8) 3 | .72| 49) 141 45.0; 4 | .96] 65] 188 
20 | 60.0 6) (16) °333 80.0} 54/1.82] 106] 460 
25 | 94.0 1.20) 161} 651)| 128. 64} 1.56] 196] 8650 
30 | 135.0 1.44] 264] 1130]; 180. | 8 |1.92] 347] 1510 
416] 1790]; 245. | 94) 2.28] 660] 2440 
2. 
2 


wo 
o 
—s 
ioe) 
reg 
j=) 
SeOrIv AA 
_ 
lor) 
oO 


Total Load 1500 Pounds per Square Foot Total Lead 1800 Pounds per Square Foot 


Sar) o6.5|- 6 | 1.20 55 235 67.5| 6 | 1.44 66 282 
20 | 100. 6411.57] 126] 544]| 120. 8 |1.92]| 154] 665 
25 | 156. 84|2.04| 257) 1110 187.5] 10 | 2.40} 300] 1310 
30 | 225. | 10 |2.40] 435; 1890 270. | 12 | 2.88} 621] 2260 
35 | 306. | 113/2.76| 680) 2950 367.5] 14 | 38.386] 829] 3600 
40 | 400. | 134 }3.25] 1040} 4520 480. | 16 | 3.84] 1225] 6350 
Total Load 2100 Pounds per Square Foot Total Load 2400 Pounds per Square Foot 


20/140. | 9 | 2.16) 174} 750)| 160. | 104 | 2.52) 202] 880 
30/315. | 14 | 3.36] 610} 2660}/ 360. | 16 | 3. 

40 | 560. | 184 | 4.45] 1440] 6200} 640. | 214] 5.16/ 1670! 7200 
60 | 875. | 234 | 5.622850 | 12200 || 1000. | 27 


In domes for 300 pounds per square foot the weight of 
reinforcement in base ring is included in weight of the steel. 
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58. Half Section and Half Elevation of Elevated 
Water Tanks. 


a 
. 


Fig. 
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Tn this case the reinforcements given in the fourth column — 
must be placed at both sides of the wall. eS: 

Longitudinal reinforcement should be 4%. 

Example: To build a covered reservoir of 300,000 gallons — 
capacity. It is evident that it will be economy to use portion — 
of the excavation for backfill, and therefore the reservoir — 
should be built partially under and partially above the natural — 
ground. At a first trial it will be natural to assume that the = 
height should be as little as possible, say one-quarter of the — 
diameter. The table on page 122 gives the corresponding ~ 
diameter to 60’. Figuring the concrete at 25¢ per cubie foot, — 
steel at 2%e per pound, forms at $45 per 1000 feet B. M., ex-_ 

_cavation at 50e, fill at 30e per yard, we find that the relation 
b:a=nearly two, or that H should be nearly equal D. On 
the other hand, a tank being as high as the diameter, of the 
required capacity would be, according to the tables, 38’ in ~ 
diameter and rather inconvenient to build and to cover with 
dirt, and we shall settle on a tank 50’ in’ diameter and 20° 
high, being ten feet in the ground. The dirt from the exca- 
vation will be just sufficient to cover the top three feet deep 
and to form an embankment around the sides. DXxh at the 
lowest point=1000, at a point 5’ higher up=750, at middle 
height—=500, at the quarter point—250, requiring, according to— 
tables on pages 120 and 121, 2.00, 1.50 and 0.50 square inches of © 
steel per lineal foot, or 1’ square bars, spaced 6”, 8’, and 54” 
square bars spaced 9” respectively. The reinforcement at the 
top of the cylindrical shell should not be less than 4% of the 


(ese) 


section= 5 =.21 square inches, As vertical reinforcement 


we shall use %” square bars 80” ¢.c.=%4% of the concrete 
section, 

The bottom, according to the table on page 122, will be 
made 6” thick, and reinforced in each direction by 4.%=.18 
square inches, or 3” square bars 9” ¢. e. 

The dome will have a rise of 5’ and be 414” thick and 


reinforced by 4% in two directions, or = =.135 square 


inches per lineal foot. The thrust of the dome must be taken 
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up by a cireular reinforcement at the base of the dome. The 
_ Tequired sectional area is found by dividing the stress given 


in the table by 16000, or al square inches, correspond- 


ing to fourteen 1’ square bars. 

The reinforcement in the shell should overlap at least 50 
diameters, and the laps should be staggered. 

The simplest way to make the shell waterproof is to give 
it, on the inside, three coats of cement finish, each about 14” 
thick, and each applied before the preceding coat is set. 
Before applying the finish the surface must be thoroughly 
cleaned and wetted. The finish is to consist of one part 
cement, 1/10 part hydrated lime, and 1 part sharp sand. 

The entire tank requires 3540 cubic feet of concrete, 32400 
pounds of steel, and 19 M feet of lumber. 

As a comparison we shall figure the quantities for a square 
tank of the same capacity. Let us assume the tank is 50’ 
square and 18’ deep, allowance of 2’ being made for air space, 
which in case of a dome cover is obtained by the rise of the 
dome. In as much as the water stands only 16’ feet high and 
the wall is 18’ high, we shall take the dimensions for a 17’ 
wall given in table on page 119 for the side walls, which means 
that we have per square foot 1.5 cubic feet of concrete, 6 pounds 
of steel, and 4 feet of lumber for forms. For the roof con- 
struction we shall adopt a girderless floor, being supported 
by columns 16’ feet on centers, which floor construction re- 
quires .625 cubie feet of concrete, 3.84 pounds of steel and 
3.00 feet of lumber per square foot. The columns we shall 
make 15x15, reinforced by four 7%” round bars. 

This tank requires 8250 eubic feet of concrete, 33300 pounds 
of steel and 22700 feet of lumber, and although the unit labor 
might be a trifle less in this case than for a round tank, the 
latter will be found cheaper than the square tank. 

The table on page 123 gives data for the design of domes, 
which are uniformly loaded. The rise of the domes was 
assumed —1/10 of the diameter in case of a total load of 300 
pounds per square foot, and=‘%of the diameter in all other 
instances. Concrete domes are figured for shear only, because 
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the shear is not much less than the compression per lineal 


ie 


foot, but the allowable shearing stresses are considerable less — 


than the stresses which may be allowed in compression. ; 
The vertical reaction per lineal foot of circumference at the 


base of the dome=2-H4pP" 


a radial tension of 2.4 pp and iS for domes of a rise 


= ),D and 4Drespectively,which radial forces multiplied by half ~ 


the diameter=0.6pD*? and .333pD° gives us the stresses in the 
base ring. The shear per lineal foot of circumference in 


+3.14D=PPana this force produces 


radial direction=0.231pD and 0.20pD respectively, and a — 


shearing stress of 75 pounds per square foot was allowed in 


‘figuring the tables. There is no necessity to reinforce the 


dome in circumferential and radial directions, and it is the 
writer’s practice to place a reinforcement=\4% in two main 
directions under right angles to take care of possible unequal 
loading. { 


The thickness of the domes at the base may be safely de- | 


creased to % at the crown, which was taken in consideration 
when figuring the concrete, in all cases where thickness at 
the base is given at 5’ or larger. 


The elevated tanks, as detailed in table on page 124 and as 


- shown in Figure 58, will be found in most cases cheaper than 


standpipes or other elevated tanks, and are decidedly of a 
sightlier appearance. The bottom consists of a portion of a 
sphere and a truncated cone, and if the relative dimensions 
of the cone and dome are adopted as given in the tables and 
shown in Figure 58, there is no perceptible thrust on the base 
ring. 

The smaller tanks may be supported on columns, but the 
larger tanks should be supported by a reinforced concrete 
shell, of a thickness as shown in table, and reinforced by 
%4% in both vertical and cireumferential direction. The per- 
missible load on the ground was assumed=5000 pounds per 
square foot, and the wind pressure was assumed=30 pounds 


per square foot for a flat, or 20 pounds for the projection of: 
a round surface. 
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Where the tank is supported by columns a stiffening ring of 
a section=section of the supporting columns should be 
adopted to transmit the loads to the columns. The reinforce- 
ment of this ring for the three cases in the tables by four 
1” round bars will suffice. Extra rods should be provided 
for the negative bending moments over the supports. At the 
junction of the conical bottom with the cylindrical shell is 
acting a tension = weight of shell and cover divided by 3.14, 
which must be taken care of by a circular reinforcement. 

The thickness of the conical bottom=thickness of the shell, 
and the circular reinforcement can be taken from pages 120 
and 121 for the proper values of dXh, 
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GRAIN ELEVATORS, 


We assume the weight of grain=50 pounds per ¢ubic foot, 
and the angle of repose=29°. Then by common theory of © 
earth pressure the pressure per lineal foot on a wall h feet — 
high=7.7h2, and the pressure per square foot at h below the 
surface—15.4h. This pressure in a bin of the width s in feet 
increases, however, only until h=s cot. 29°—=1.8s. Below this 
depth the friction against the sides equals the additional weight — 
of the grain, and no matter how deep the bin the pressure — 
never exceeds 15.4 1.8s=27.75s, a fact fully demonstrated by — 
practical experience. 

The bending moments caused by a uniform load p per square 


foot in a square frame of a side s in feet are given by the 


formula PS* andt for the center of the sides and the 


g2 
2 12 
ly ay Ad 


corners respectively, or, as p==27.75s, the bending moments= — 
1.15s* and 2.3s* respectively. 

It will be found that the bin walls given on page 133 were — 
figured according to these bending moments. The bottom of 
these bins is generally built as a truncated pyramid, which is 
suspended from the sides. The weight on the bottom is not 
greater than the weight of the grain of a depth=s’. The” 
total weight on the bottom divided by the girt of bin gives 
the vertical force per lineal foot, which must be taken care 
of by the suspension rods ‘‘r,’’, the section of which is ob- 
tained by dividing the stress given in the seventh column 
by 16000. These rods should extend into the bin walls for a 
length = 8’ and each rod must be anchored by a stirrup at 
least 2’ long into the adjoining bottom, in order to take care 
of the horizontal component of the pull from these suspension, 
rods. 

The horizontal reinforcement of the bottom should consist 
of the same rods and the same spacing as the bin walls, and’ 
short rods should be imbedded in the upper face at the cor- 
ners to take care of the negative moments. 

The columns supporting the bin walls should be of liberal 
size, and the girder ‘‘a’’ formed by the intersection of the 
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bottoms should have liberal dimensions and reinforeed by — 
at least four 1” bars, in order to transmit the load from bin d 
walls to columns, 
In ease of cireular bins of a diameter d, the sectional area 
of the reinforcement for all points below 1.8d per lineal foot 
27.75d_._d —o0s65d%, and can be diminished to 4% at 


~ 16000 — ae 
the top. 


A suspended bottom is rarely used for bins more than 20° in a 
diameter; for larger diameters the bottom is supported by a 
regular floor construction. The shear per lineal foot equals — 
again weight on bottom divided by circumference and pro-— 


duces a tension under 45° to be taken up by the suspension 


rods, and a compression at the bin wall of the values given 
in the eighth column. The horizontal reinforcement in the — 
conical bottom should be the same as in the bin walls. 

Also these bins should be supported by large columns and- 
a heavy stiffening ring at the junction of bottoms and sides. — 
In a cluster of circular bins, there are formed smaller bins, 
nearly square in section, which should be reinforced as given 
for square bins. 
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CONCRETE DAMS. 


Figures 61-62 show types of solid concrete dams, as gener- 
ally executed in rubble masonry. In a dam, built according to 
-Figure 61, the compressive stresses at the downstream edges of 
the base=100.5 h pounds, and those at the upstream edge= 
68.5 h, while the greatest compressive stresses occur when the 
reservoir is empty, namely 166.5 h at the upstream edge. Such 
a dam is safe even if the water pressure should find its way 
under the base of the dam, a case which can only happen to 
any considerable extent if the dam is not founded on bedrock, 
an absolute necessity for any dam of importance. 

In a dam built according to Figure 62, the compressive 
stresses at the downstream edge of the base=131 h, and those 
at the upstream edge—40 h; by giving the upstream face a 
batter of 8% the greatest compressive stresses, when the 
reservoir is full and when it is empty, are nearly alike, namely 
150 h. 

The rubble masonry consists generally of 50 to 60% of large, 
stones and 40 to 50% of concrete, 1:7% to 1:9, 


ARCHED DAMS. 


The line of pressure for an arched dam is a portion of a 
cirele. Let D=the length between the abutments in feet, and 
the rise of the arch=0.2 D, then the radius of the circle= 
0.725 D and the stress per lineal foot height at a point h’ below 
the water line=62.5 xh X 0.725 D=45.3 Dh; allowing a stress of 
25000 pounds per square foot on rubble masonry, the thickness 
of the dam at a point h’ below the water line=0.00182 Dh. 
This would mean a feather edge for the top of the dam. If 
we assume the thickness at the top=0.1 of the base, the total 
volume per lineal foot of the section (the height of the dam 
=H’)=0.001 DH2 eubie feet, or in the entire dam, consider- 
ing that the length of the arech=1.10 D, are 0.0011 D2H2 cubic 


feet, 
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If the rise of the arch=0.288 D, the corresponding radius of — 
the cirele=0.58 D, and the thickness at the base=0.00145 DH, — 
and the volume per lineal foot of the section=0.000796 DH2 a 
eubie feet and the total volume of the dam, considering that — 
the length of arch=1.209 D,=0.000965 D2H2 cubie feet, which — 


we 


is the minimum volume obtainable in any arched (lam. 
Comparing these volumes with the volumes of the gravity 


dam, as shown in Figure 62, we find that the arched dam with — 
a rise=0.2 D contains less material as long as D is less than — 


363’, and the dams with a rise—=0.288 D contain less material 
as long as D is less than 415’. 
It is an undisputed axiom that there is no stress where there 


“is no deformation. If, on account of the friction, the base of 
the dam cannot move in accord with the proper elastic diminu- — 


tion of the length of the arch, there cannot be any arch action — 
at the base, and the influence of such an immobility extends — 
well up to the middle of the height. Hence, where there is no 
special provision made to allow of the safe sliding of the . 
base, every arched dam must act as a gravity dam as well, 
because there is no other way for the structure to take care of 
that part of the water pressure which is not taken up by the 
arch action, It can be shown that in an arched dam, of a 
section as shown in Figure 63, the overturning moment about 
the base of that”part of the water pressure which is not taken — 


: 3 : : * 
up by the arch action=62.5 a? resulting in a compressive 


stress at the downstream edge of the base=177.5 H and in a 
compressive stress at the upstream edge of the base=9.5 H. 
The writer does not see any reason why the allowable stresses 
in dams should be limited to only 100 or 150 pounds per square 
inch, and he advocates the use of the same stresses which would 


be used in retaining walls. We see that arched dams of a — 


section, as shown in Figure 63, show a saving of 38% in 
material over gravity dams of the section shown in Figure 62. 

A far greater saving can be effected by the use of reinforced 
conerete arched dams, but inasmuch as such reinforced arched 
dams have not yet been built, we will not give any tables for 
these kind of dams, 
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REINFORCED CONCRETE DAMS, 


The table on page 140 gives the data for cantilever type of 
reinforced concrete dams of moderate heights. A section of 
such a dam is shown in Figure 64. The stability of the dam 
is obtained by an earth fill on the downstream side. When the 
reservoir is empty the dam is strained, similar to a retaining — 
wall of the type ‘‘A,’’? and must be reinforced for earth — 
pressure, and when the reservoir is full the dam is strained by — 
the water pressure, which is partially counteracted by the 
earth pressure. On account of the triangular shape of the 


earth prism the earth pressure on the downstream face of the 


wall may be taken as 10h’, or the pressure per square foot — 
at a point h below the top of the fill—=20h, and the moment 
about the base of the wall=3.33 h3. 

The moment from the water pressure about the base of the — 


wall=62.5 es x 2. =10.42 h3, or the back of the wall must be — 


reinforced for a bending moment=7.09 h3, 

The compressive stress at the downward edge of the base of 
the dam=82.5h pounds per square foot and that at the up- . 
stream edge=37.5 h, while the actual pressures, which must be 
taken care of by the base plate are given in Figure 65 by the 
diagram abede. 

The area of the reinforcing rods given in table on page 140 
is for the intersection of wall and base, and the rods may be 
stopped off at proper intervals, according to the bending 
moments, which are acting at the various points. 

The weight of the base and fill per square foot at the 
extreme downstream edge of the base must=20h pounds, in 
order to make the structure safe against overturning when the 
reservoir is empty. 

The yardage for the fill per lineal foot of the dam is given 
in the last column of the tables. : 

The very low stresses produced on the ground by these dams 
does not always necessitate the foundation of the dam on bed- 
rock, provided an apron, as shown in dotted lines in Figure 64, 
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is built at the upstream side of the dam into the impermeable 


strata below or unto bedrock. Where the building of this apron 


in the ordinary way would be too expensive, an apron of 
reinforced concrete sheet piles can be provided, and this apron 


can be made watertight by forcing grout into channels provided 
for this purpose in the sheet piles. 

For dams higher than 25’ counterforts should be adopted, as 
shown in Figure 65. The data for these dams are given on 
page 141. The downstream face of the wall is figured for a 
pressure of 42.5h pounds per square foot, and the upstream 
face for 20h, and in both cases the bending moment was 
Faken as pl? , when p=pressure per square foot and ]—clear 


12 
span between counterforts. The base plate is stressed, as 


shown in Figure 65, by a distribution of loads given by diagram 
abede, at the extreme edges by 62.5h pounds per square foot, 
and a reversal of stresses takes place at the center of the base. 

The counterforts are mostly stressed in the plane, marke: 
mn in Figure 65, and the main reinforcement may be stopped 
off at proper interval. The reinforcement of the counterforts 
at the upstream side is extremely heavy for the higher dams 
and must be placed in the part of the wall adjoining the 
counterfort, and proper stirrups in horizontal direction must be 
provided to transmit the shear. 

In case that there is danger that the dam is overtopped, the 
earth fill should be covered by a reinforced conerete slab at 
least 6” thick, reinforced by %4% in both directions. 
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REINFORCED CONCRETE DAMS. 
(Cantilever Type.) 


| Thickness of Wail | Af@# of Vertical | rr QUANTITIES PER LINEAL FOOT 
Height Reinforcement per 
of Dam | | Lineal Foot of Wall 
from the ate | tue CO Cubic Form Earth 
le 
Basete Down | Up | Foot | Steel | Humber gi 
Water Base Top 7 < ; Foot coh 
eam eam 0 ic 
Line Inches | Inches Pounds || | Pane 
Face Face | Concrete Measure | Yards 
6 8” 8 24 24 8.0 28 24 67 
i 8” 8 24 24 9.5 34 28 92 
8 gs" | 8 29 | .24 1 10.5) «40 | 32 Jie 
9 10” 8 .30 3 13.5 60 36 0 
10 i 4 8 aks 33 16.0 61 40 2.10 
1 127 8 50 36 18.5 75 44 2.70 
12 14” 8 50 42 DAA) 85 48 3.20 
13 15” 8 .63 45 25.0 95 52 3.70 
14 18” 8 .60 5+ 30.0 108 66 4.20 
15 18” 8 .90 54 33.0 138 60 4.80 
20 24” 8 1.44 Be: 54.0] 240 80 9.00 
25 36" 8 1.50 | 1.08 92.0} 350 | 100 13.60 
30 48” 8 2.88 | 1.44 | 140.0] 500 | 120 19.60 


The longitudinal reinforeement=%4% at top, and & to 
%% at the lowest portion of wall, 
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REINFORCED CONCRETE WATER PIPES. 

Let d==inside diameter in inches, and p=pressure in 
pounds per square inch (a head of one foot of water means 
a pressure of 0.43 pounds inch’, or a pressure of 1 pound 
inch? means a head of 2.31 feet), 12000=safe stress per 
square inch on the helical reinforcement, then the sectional 


area of the helical reinforcement per lineal foot—= oe Where 


occasional loss of water is of no great account a stress: e 
16000 pounds per square inch may be allowed. 

The pipes are generally made in lengths of 3’ to 10’, in- 
permanent or temporary shops, always by the use of sheet- 
steel forms. Their connections are formed by means of 


“sleeves, generally 8” long and about 1’ larger in diameter 


than.the pipes, and the space between sleeves and pipes is 
filled with grout. 

For heads between 80’ to 100’, a mixture of not less than- 
one part cement to 1.3 parts of sand and fine gravel must be 
used. For heads between 50’ to 70’ the mixture should not 
be less than 1:1.5, for heads between 30’ to 40’ not less than 
1:2, for smaller pressures not less than 1:2.25 

The pitch of the reinforcement should be very small, from 
114” for 100’ head down to 4” for small heads. 

Where the friction on the ground takes up the greatest 
portion of the tension in the pipes, the longitudinal reinforce- 
ment may be limited to 4%, otherwise the sectional area of 
the longitudinal reinforcement per lineal foot of cireum- 
ference must be one-half of the sectional area of the helical 
reinforcement per lineal foot. 

For higher pressures than 45 pounds inch? the water 
tightness is obtained by a sheet-steel lining 3)” to \%” thick, 
which in important pipes is protected by an inside reinforced 
concrete shell 1” thick, 
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REINFORCED CONCRETE CIRCULAR SEWERS. 


We know very little of the forces acting on a sewer in thei 
ground. The vertical loads produce a positive moment ati 
the top ‘‘t’’ and negative moments at the sides ‘‘s,’’ but = 
we are unable to tell in what manner the earth pressure — 
counteracts these moments, It is also clear that there is a _ 


certain arch action in the fill above the sewer (similar to 
what was said in chapter on Grain Elevators), preventing the 


i 


full weight of the fill acting on the sewer, especially in deep be 


trenches; also that the live head is only partially transmitted ; 
to the sewers. In many German cities the sewers for heavy — 


traffic are designed for the following vertical dead and live — 


“Joads for various depth of fill, neglecting the favorable in- 
fluence of the earth pressure. 
EV eI GRE OL fill yyctaverereeapeyevel ny etecetets 3” 7 6 15’ 


Vertical load per square foot.... 800lbs. 700Ibs. 600 lbs. 


By the theory of least work, we obtain the following 
moments for a uniform, vertical load p per square foot acting 


over the entire diameter, over % diameter and for a con- 
centrated load P in center. 


pd 
LOAD Sa 
pd 2 Pp 
pd? pd? Pd 
Positive Moment at tt &b. eee 16 20 6.28 
pd? pd? Pd 
Negative Moment at S$ & Soe a jaa 
16 23.5 an 


when d=diameter in feet. 


The sewers on page 149 were figured for a moment of pd? 


16 


and it is clear that the reinforcement must be placed at top 


and bottom near the inside face and in the center near the 
outside face. Where sewers are built in the ground it is 
as a rule cheaper to give the outside an octagonal shape, as 


shown in Figure 66. The longitudinal reinforeement may be 
limited to 4%, 
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CIRCULAR SEWERS. 


149 


Load DIAMETER OF CIRCULAR SEWER 
per 
| 2! | 3! |-at| 5s! | 6! | 7 | gt 
Lbs. 
800 200 | 450 | 800 | 1250] 1800] 2450] 3200 
Maximum Bending Moment.. | 700 175 | 395 | 700 | 1100] 1580} 2150) 2800 
600 150 | 353 | 600 | 940} 1350) 1840} 2400 
ve 2" 3” 4’ 5” 6” 7’ 8 
800 < 
06 | .09 | .120] .150} .180] .210} .240 
Thick f Ring and Sec- 
ckness of Ring and Sec f 13” | 24” 3} 4k | 5h” 6” 7" 
tional Area of Reinforce- | 700 
ment per lineal foot...... LOC Ghee beleale WOO} a6 250 202 
Pheer eh te) 6?) piers 
600 
.06” | .09 | .105} .190]...180] .240] .280 
DIAMETER OF CIRCULAR SEWER 
9! LOM Oars 4 Tet 
800 4050 | 5000 | 6050 | 7200 | 8450 | 9800 1 1250 
Maximum Bending Moment.. 700 3550 | 4870 | 53800 | 6800 7400 | 8550 9800 
600 3050 | 3750 | 4550 | 5400 | 6350 | 73850 | 8400 
9” 10” ea RSeaaa se Be 
800 
.270| .820| .880} .86] .89 | .42 | .46 
Thickness of Ring and Sec- 3” 9” 10” | 11” | 12” | 18” | 14” 
tional Area of Reinforce- | 700 { 
; 2290), 270) B0LIes06 |) ,o0 | .a9 |) .42 
ment per lineal foot...... 
Te 8” 9” I 0” l I u" | 9” Il BY 
600 if 
\L_.340] 380] 320] .30.| .36 | .36 | .390 


Pie” 3 
= 
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REINFORCED CONCRETE PILES. = 


The reinforcement of concrete piles is only governed by» 
the requirements of safe handling before the actual divine 
Experience also demonstrates that small cracks, occasioned 
by the transport of the piles, ‘do not cause failure of the 
piles in driving; the fact is they close up after the first 


blow. The piles in the table are figured for a moment BL 
20 


when p the weight per lineal foot in pounds, and 1 the length 
of the pile in feet. This moment is produced when the pile” 
is supported at one end and at a point 0.31 away from the 
other end. This gives a factor of safety of 1.6 for the case, 


“that by accident the pile is supported at both ends only. 


Unless the piles are driven by a water jet it is necessary to 
use very heavy hammers for driving, in order to reduce the 
eost of driving. It is desirable, in hard ground, to use a 
hammer about twice the weight of the pile and not much 
less than the weight of the pile; then the driving does not 
take more time than that of an ordinary wooden pile. 
Let h=the fall of the hammer in inches, 

e=average of the last ten blows in inches, 

H=weight of hammer in pounds, 

P=weight of pile in pounds; 
then the weight which the pile can carry is given by the 
oe. BP 


“e (H+P)2 
gives satisfactory results. 


h is rarely more than 90”, 

Rarely less than 25 tons nor more than 80 tons are allowed 
on a conerete pile. 

In filled ground it is of advantage to give the piles a 
taper, making the point not less than 6”. If the center of 
the piles is made of the thickness given in the tables, then 
the same reinforcement may be used, if the pile is handled 
0.30 1 away from the point. In good fill it is safe to figure 
with a frictional resistance of 1000 pounds per square foot. 

For wharf work, where great stiffness is required, hollow 
piles of diameters up to 5’ are preferable to solid piles. 


formula W= ——_—__pounds, This formula nearly always 


DATA ON REINFORCED CONCRETE PILES. 


r Bending 
Length Side of | Moment 
: Square in 
of 

<a Pile 1000 

: Foot 
Inches ae 
20/ 12 2.9 
25! 12 4.5 
30’ 12 6.5 
3D. 14 12:3 
40’ 14 16.0 
45! 14 20.3 
50! 14 25.0 
55! 14 30.3 
60/ 14 36.0 
65/ 15 47.5 
70’ 15 55.0 
75’ 16 72.0 
80’ 16 82.0 
85’ 138s LO 
90’ 18 131.0 
100’ 20 | 200.0 
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Theroetically 
Required 
Reinforcement 
4 Rounds 


soy 


Weight 
of 
Steel 
Pounds 


7138 
+173 


207 
248 


368 
526 


726 
970 
1270 


1630 
2360 


2900 
3520 


4900 
6000 


9700 


Cubic _ 
Feet 


of 
Concrete 


In 
One Pile 


20 


25 


30 
48 


54 
61 


68 
75 
82 


102 
110 


133 
142 


191 
202 


278 


Weight 
of 
Pile 


Pounds 


2900 
3600 
4350 
6900 


7800 
8800 


9800 
10800 
11800 


14700 
15900 


19200 
20500 


27500 
29000 


40000 
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*6 rods. +8 rods. 
7 Assumed 4-34 rods. 
The piles should be well cured, repeatedly drenched and 
then sprinkled with water, and should be two months old 
before driving. Piles which are driven by a hammer within 
one month or even three weeks, should contain at least 50% 
more cement than indicated above. 
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ARCHED BRIDGES 


The most favorable shape of an arched bridge without 
hinges is a curve very closely following a parabola. 


For the dead load and any fixed loading we can find by the — 


theory of catenary curves the line of resistance which 


coincides with the center of gravity of each section of the © 


arch, and, therefore, produces uniform pressure in each point 


of a section, but any other loading will then produce bend- — 


ing moments in all points of the arch. It ean be shown 


that the most economical shape of an arch is very closely the © 


line of pressure which corresponds to the full dead load and 
. one-half of the live load, uniformly distributed. We have, 
as a Tule, two types of arched bridges: one as shown in 
Figure 76, with solid spandril walls and dirt fill above the 
arch; and one as shown in Figure 77, with open spandril 
construction. 


ba 


Let 100a=the weight of the arch ring per square foot 


at the apex+the weight of the dirt fill and pavement per 
square foot+50 pounds, which is one-half of the customary 
live load of 100 pounds per square foot, and f=the rise of 
the arch in feet, 100=weight of dirt fill per cubie foot, and 


l=span in feet then the line of pressure for the first type of 


arched bridges is very closely given by 


8f 
a 


v= 146 (P+ 3-4-8424 (82 a 


when the origin of the system of codrdinates is at one abut- 
ment and the axis of the abscissae is kaa. The hori- 


zontal projection of the thrust is given by T1005 pte 2) 


and fe seete 5 where b is the angle of the tang- 


ent of the line of pressure with the horizontal at the abut- 


ment. 
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In the following table we can find the ordinates for the 


| 
| 
| various 1/10 points of the arch and for the different values of 


| au by multiplying the black figures by f. 


a) 8.33 .969 873 697 412 5.00 
45 tiscat .970 879 703 418 5.58 
40 7.09 JFL 880 706 426 5.18 
-30 6.46 972 885 715 435 5.82 
30 5.83 975 887 722 442 5.41 
20 5.21 .976 889 73: 450 9.60 
.20 4.58 .978 901 745 464 5.81 
15 3.96 -985 913 762 482 6.11 
-10 3.33 -987 924 784 505 6.50 


In the open spandril type of arched bridges the line of 
pressure varies from a parabola only on account of the in- 
crease of weight of the arch towards the abutment. 

Let d=weight of arch per square foot at the apex+weight 
of pavement and floor construction at apex per square foot 
+50 pounds, and c=the increase of weight per square foot 
of the arch at the abutment, then the line of pressure is 
given by 


8f 
=, 54408 +58) Sp +7 (Bh) 


aa + c 
The horizontal projection of the thrust— a (d-+-Z-)...(5) 
8G+22) 
and tgb = c___*_.(6) practically the same as the 
1.34 ] 
a oe 
c 


tangent to a parabola, 
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bola, we propose to find the bending moment, thrust and 
reaction at the abutment from a concentrated or novia 
uniform load by the theory of parabolic arches of constant 

ratio of ds: I. 


In textbooks can be found the following or similar equa 
tions for the reaction (R) thrust (T) and moment (Ma) at the 
left abutment, for a concentrated load P, placed at a point a 


from the left abutment: = 
_ pU-w?(14+20), pop, 15 (wu? ES 

pag Ey : “Zit G+ g 
Ma— pudi=u)? (2.9 u * 
Ma rag ( ik 
when l=span in feet, f=rise in feet and k= I x 45 


3 
wherein I=moment of inertia of the cross sections WINE a 
assumed to be constant, and A=area of the cross section. 
The influence of the shortening of the arch by the thrust is 
represented by k, but by inspecting the tables of arched 
bridges it will be found that k is never larger than 0.03 and 
mostly very much less, therefore we shall omit it in our 
calculations. 


We can figure the values of R, T and Ma for the various 
positions of a moving concentrated load from above equa- 
tions; this was done for each 1/10 point of the arch and 
shown graphically in Figures 69 to 71. The curves are called 
the influence line for R, T and Ma, respectively. We consider 
a moment positive if it tends to bend the arch in the same 
way as a downward load in a freely supported girder, Having 
found the indeterminate values of R, T and Ma, it is easy 
to find the moment about any point of the arch by the equa- 
tions M=Rx—Ty—Ma and M—Rx—Ty—Ma—P(x—n), ac- 
cording to whether the moment is to be found for a point 
at the left or the right of P. 
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Fig. 69. 


StomNOURUN~O 


ts) 


Fig. 70. 


Fig. 71. 


Influence Lines for Reaction, Thrust and Moment at 
Left Abutment in a Parabolic Arch. 
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The ordinates of the curve in Figure 72 give, if multiplied — 
by P.l, the moments from a moving concentrated load P 
about a section of the arch at the 2/10 point, and is called — 
the influence line of the moments for the point x—0.2 1. Wee 2 
see that the greatest positive moment is produced when the 
load is at the point x=0.2 1, that no moment is produced at 
the section x=0.2 1, when the load is at x=0.36 1, and that — 
negative moments are produced when the load moves further 
to the right; and the greatest negative moment about the — 
section x=0.2 1 is produced when the load is at x=0.54 1. £ 

The greatest positive moment from a moving uniform load — 
about the section x=0.2 1 will be produced, when the load — 
moves from the left abutment to the point x=0.36 1 and is ~ 
found by multiplying area of the diagram below the axis of — 
the abscissae by pl, when p=uniform load per square foot. 
The greatest negative moment is produced when the uniform 
load moves from the right abutment up to the point x=0.36 1. 


By inspecting the Figures 72-75, it will be found that the 
greatest moment from a concentrated load about any point 
of the arch is produced at the section x=0.3 1, when the load © 
is placed at the same section, and=0.0596 Pl, a very high 
value if we consider that the bending moment in a girder — 
=0.25 Pl. The greatest negative moment about any point 
of the arch is also produced at the section x=0.3 1, when the’ 
load is at x=0.6 1. 


The maximum bending moment from a moving uniform 
load is also produced at the section x=0.3 1, when the load 
moves from the left abutment up to the point x=0.44 1; at 
the same section is also produced the largest negative bend- 
ing moment in any point of the arch, when the movable load 
moves from the right abutment to the point x=0.44 1, 


The following table gives the maximum moments and the 
corresponding thrust from a concentrated load and from a 
movable uniform load for the sections of the arch at 
x=0.2, 0.38, 0.4, and 0.5 1; 
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Influence Lines for Moments at x=0.21, 0.31, 0.41, 
and 0.51. 


SI 
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| 
\ 
je 6, ee ee eee 


I= | o21 | o31| 04) | 051 


SS) et ee ee eee 
Maximum positive moment from a moving uniform load pl? times |. 0069/0. 0096)0. 0066/0.0057 


Ma (left abutment)  “ “pl? “ |0.0174/0.0169(0.0152/0.0078 


: Thrust « «gf + 10.082310.047 |0.067 [0.060 
Negative Moment “pF "  10,0067/0.010 |0.0064/0.0053 


Thrust - “ "pF “ 10,09250.077 {0.058 
Maximum positive Moment for a concentrate load = PI’ |0.0542/0.0598)0.0522 


“ 


065 
0.0462 


: Ma (right abutment) =“ = pl?“ be. 077. 085. 


From the foregoing we can deduce the following rules for 


“the design of an arched bridge: 


After having decided on the type of bridge, we find the 
shape of the arch by equation No. 1 or No. 4, and the thrust 


negative “  “ $ r: pi «10.019 (0.028 |0.0247/0.0125 


from the dead load and one-half of the live load by equations ~ 


No. 2 or No. 5. The greatest moment in the arch is produced 
2 
at the section x=0.3 1 and = from a uniform load, or for 


a concentrated load can be found as Pl times the ordinates 
in Figure 73, when axle loads are so grouped around the apex 
of the influence line so that the summation of the ordinates 
times the various axle loads is a maximum. We assume that 
the load from a wagon is distributed by the fill and trans- 
verse stiffness of the arch over 12’ of the width of the arch, 
hence, the values for the bending moment from a wagon load 


must be divided by 12 to obtain the moment for one foot 


width of the arch. 

In the tables on pages 170 to 177 are given the values of a:f, 
which we assumed sufficiently high, of the thrust per lineal 
foot width of the bridge from dead and half the live load, 
and the moment from a uniform load, moving from the left 


abutment to x=0.43 1, about the section of the areh at 


x=0.3 1, and also the moments per lineal foot width of the 
arch from a 12 and 24 ton wagon (Cooper’s specifications), 
and the corresponding thrusts, also for the section at 
x——Ojo Li 
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/ E 
Up to and including the spans of 140’, the type with solid 


‘fill was adopted; for the spans 150’ to 180’ open spandril con- 
struction with solid arch; for larger spans open spandril con- 
struction with ribbed arches, connected by a concrete slab. 

For three different rises of the arch for each span is 
‘given the required thickness of the arch at the crown, ani 
this thickness should be gradually increased by 50% at the 
abutment. In all solid arches we assumed that both the top 
and bottom of the arch ring in reinforced by 4% of steel in 
the direction of the bridge and by 144% cross ways (both top 
and bottom). 

The use of the tables is best explained by an example: We 
shall assume that a bridge of a span of 120’ and a rise of 20’ 
is to be designed. From the table on page 173 we find that the 
greatest moment from a uniform load at the 3/10 section 
is 14400 foot-pounds, and from a 24-ton wagon 26000 foot- 
pounds; hence, the uniform load is more unfavorable than a 
12-ton wagon, which would only produce a moment of 13000 
foot-pounds. 

We do not make any appreciable error if we assume that 
the thrust given under the heading T, which includes the 
thrust from the dead load and half the uniform live load, is 
the thrust for a uniform load which proceeds from the right 
or left abutment up to x=0.44 1; hence, the arch ring must 
be figured for a thrust=65000 pounds and a bending moment 
of 14400 foot-pounds at the point x=0.31 for a moving 
uniform load. 

On page 167 we find that a 18” slab, reinforced by 4% 
at top and at the bottom, has an area of 248 square inches 
and a moment of resistance of 865 inch’, and the compressive 
stresses from the thrust=65000+248—262 pounds per square 
inch, and the greatest compressive and tensile stresses at 
the extreme fibres from the bending moment =12X14400-- 
865—=200 pounds per square inch, or the greatest compressive 
stress=262+200 pounds=462 pounds per square inch. 

We advocate an allowable stress of 600 pounds per square 
inch, hence the design is perfectly safe. 

In order to take care of the few imperfections in our 
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assumptions we shall take the section figured for the 3/10. 
point of the arch as the crown section, and shall inerease the 
thickness of the arch (but not the reinforcement) to La 

times the thickness of the crown at the abutment, which 

means, of course, also an increased thickness at the 3/10 
point. Inasmuch as the positive and negative moments are 
practically alike, it is clear that the reinforcement must be 
the same at both the top and the bottom of the arch, The 
greatest absolute values of the thrust and the moment are at. 
the abutment, and the thrust is 58% greater than 65000, and | 
the moment is 69% greater than 14400; as a rule it will be 
found that by making the thickness of the arch 1% times” 
that of the crown that the stresses of the abutment are less 


~than those for the 3/10 point. 


If the bridge is to be figured for a 24-ton wagon, we obtain — 
the thrust by substracting from the value given under T one- 
half of the thrust from the uniform load given under the 


heading 100 a , and adding the thrust given under the- 


heading T from a 24-ton wagon, which in this case=64000 
pounds per lineal foot width of the bridge. The moment 
from a 24-ton wagon load is given as 26000 foot-pounds, and 
assuming an arch ring 20” thick, of an area of 276 square 
inches and a moment of resistance of 1075 inch3, we find the 
compressive stresses from the thrust=64000 : 276=233 pounds 
per square inch, and the stress from the bending moment 
=12 < 26000 : 1075=2 
stress of 524 pounds. 

The stresses from a variation of temperature are found by 

the following consideration: 

Let E=modul of elasticity=2,000,000 lbs. per square inch, 
e=coefficient of expansion for 1° F=0.0000055, 
t=change of temperature=50° F, 

I moment of inertia in inch* 

f=rise of arch in inches; 
then by the theory of least work and for a constant relation 
of ds:I in a parabolie arch, the thrust from a change of 
45 EL ct 


temperature= - 


pounds, and the moment at the abut- 


{2 
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| ment= ies 


inch-pounds; substituting the above values 


for E, ¢ and t, we have T=6200 <p ibs and Ma=4140 
2 f 


inch pounds. The moments at the various 1/10 points of 
the arch are for x= 0.2, O35 0.4, 0.5 1 
I 
TR 
In above example the moment of inertia for a width of one 
foot is given on page 167=7782, the rise =240”, therefore the 
bending moment from a variation of temperature at the 3/10 
P I Angry (foe 
point ug aeiaah aT 
ponding stress in the extreme fibres=30500+865=36 pounds 
per square inch. In the tables on pages 180-183 are all these 
stresses tabulated. The increase of stress from the thrust by 
the change of temperature is very small and may be neglected. 
Also the stresses due to the shortening of the arch are very 
small. The bending moment at the crown of the arch is very 


—1705- 940 1790 20601 iat 


=30500 inch-pounds, and the corres- 


elose= Pl? _~ , when p the average total dead and live 
24 1+k 


load per square foot. We said that k is never larger than 
0.03 in the bridges given in our tables; therefore the bending 
moment due to the shortening of the arch is small in com- 
‘parison to the moments from the live loads. It is good 
practice to limit the extreme fibre stresses in the arch, includ- 
ing all temperature stresses, to 700 pounds per square inch. 

It may be objected that we have no constant ds:I in our 
arch. By a more exact calculation can be found that an in- 
crease of the thickness towards the abutment increases the 
stresses at the abutments and decreases the stresses in the 
areh proper, and this variation amounts only to two to four 
per cent in the case that the thickness at the abutment—1% 
thickness at the crown. 

We have seen, on page 157, that the positive moments from 
a concentrated load are considerably larger than the negative 
moments, and by giving the arch another shape it is possible 
so to deerease the positive moments and inerease the negative 
moments that they become equal, or so to form the arch that 
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the moments from uniform loads and concentrated loads are 
reduced to a mean value of the separate moments; but only 
experts in the design of arches can do this and it takes a_ 
great amount of time, and the cost of the design may be con- 
siderably higher than the saving in material. 

The bridges as given in the tables are considerably lighter 
than ordinarily built in the United States. There exist in 
Europe bridges which are considerably lighter still, which were 
tested by competent government officials for concentrated and 
uniform loads, and which gave no trouble in twenty years. 

The quantities of the concrete and reinforcement per lineal — 
foot width of the arch is simply found by the following 


formula: Let d=thickness of arch at the crown in inches 


and 1% d the thickness of the arch at the abutment, and 
ieee ( Pee: +> approximately the length of the arch in feet, 
a) 2 


then the number of cubic feet per lineal foot width of the. 


arch ring= oa and the weight of the reinforcement (a total 
) 


of 1% of the crown section as longitudinal reinforcement and 
a total of 4% of the crown section as transverse reinforce- 
ment) =0.60 d L pounds, including overlaps. ; 

The spandril walls may be built of reinforced concrete 
according to Type A, given on page 116, or may be built of 
brick, rubble stone, cut stone, ete. 


The fill in eubic foet—= I per lineal foot width of bridge, 


The cost of the abutments of an arch bridge is often as 
great as that of the arch proper and may be even considerable 
greater on bad ground, while on rock the cost is inconsider- 
able. 
The design of the abutments is very simple. In our 
example the horizontal projection of the thrust was 65000. - 
The direction of the thrust at the abutment is given by 
1+3 

tg en as Be ; a: fis about 0.2, or tg b=0.97, and the 
L 46 
f 

thrust =62000--eos. b==90600 pounds. This thrust and the 
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weight per lineal foot of the abutment of 32200 pounds (eal- 
culated from Figure 76) and the weight per lineal foot of the 
earth above it 64000 pounds, -gives a resultant of 176,000 
pounds, which strikes the base 3’ from the center. The com- 
ponent under right angles to the base=174,000, and the direct 
compressive stress per square foot—=174,000+20 (width of 
abutment) 8700 pounds per square foot while the stresses 
in the extreme points of the base are found by 174,000x3~ 
S ¥% 20°=7900 pounds per square foot, resulting in a distri- 
bution of stresses as shown in diagram in Figure 76. A 
marked economy results from giving the base of the abut- 
ment an inclination of about 1:4, but in order to prevent 
sliding before the bridge is finished a small portion of the 
base should be made horizontal. 

Piers carrying an arch on each side do not need, for the 
arch section alone, to be made wider than three, at the utmost 
four, times the thickness of the arch at the crown and the 
foundation of the piers need only to be figured for the verti- 
lehtay 
St 
when | the span in feet, f the rise of the arch and h the 
height of the pier in feet. 

The design of a bridge with ribbed arches is illustrated in 
Figure 77, for a bridge of 250’ span and a rise of 40’. 

The tables on pages 177-179 give the values of dxc¢/3, the 
thrust from dead load and 1% live load for six feet width of 
the bridge (it being assumed that the ribs are 6’ ¢. ¢.) and 
the area for six feet width of bridge. The capital letters 
indicate the type of rib as given on page 168. The thrust is 
found by formula on page 153, and the bridges of 200’ span 
or more need only to be figured for a moving uniform load, 
as this is more unfavorable than a 24-ton wagon according to 
Cooper’s specifications. 

Tn our example T=630,000, and the bending moment 375,000 
foot-pounds; the moment of resistance, according to page 
168,=17700 inch’; the area=1915 square inches; therefore 
the compressive stress from  thrust—=630,000+-1915=329 
pounds per square inch, and the stresses in the extreme fibres 


eal loads and a moment per lineal foot width=100 
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from the bending moment=375,000 X12~17700=255 pounds — 
per square inch, or a total stress of 584 pounds per square 
inch. The bending moment from a change in temperature 


=940X =940x so, 000,000 inch-pounds, or the stress 
K a 


in the extreme fibres=1,000,000--17700—56 pounds per square 
inch. 


The value of d+e/3 was obtained in the following way: 


| 
: 
| 


The weight of the pavement was assumed=100 pounds per — 


square foot, the weight of the reinforced concrete bridge 
floor including columns—100 pounds per square foot, half the 
live load=50 pounds, the weight of the ribs including slab 
for a width of six feet=1536 pounds; hence d=1536+6 X 250 


‘=3036 pounds. We assume that only the rib of a clear depth 


of 40’. increases to a clear depth of 60” at the abutment, or — 


the increases of weight at the abutment—20 x 24=—480 pounds 


(one square inch of concrete one foot long weighs one pound), — 


or ¢/3=160 pounds or d+¢/3—=3196 pounds. 

The thrust at the abutment=730,000 pounds and the result- 
ant of the thrust and the weight of the earth on the base 
of the abutment of a width of 6’ (=1, 400,000 pounds)= 


1, 900,000 pounds and intersects the base (length of base - 


=40’) 2’—3” from its center. The component under right 
angle to the base—=1, 880,000 pounds and the moment about 
the center of base=1,880,000X2.25 and this must be equal 


to Sx6x <2 or the stress in the extreme edges of the base 


=2670 scan per square foot. The direct compressive 
eh 880,000 : 6X40==7850 pounds per square foot or 
the combined stresses as given in diagram in Figure 77 are 
10520 and 5180 pounds per square foot, respectively. If 


the earth pressure is considered, the moment about the center — 


of the base can be found graphically=700,000 foot-pounds 
per lineal foot, or the stresses in the extreme edges of the 
base 2650 pounds per square foot. These stresses are in 
opposite direction of those of thrust, therefore we would 
have in this case a compression of 7970 pounds per square 


foot on the water side and a compression of 7830 at the land 
side of the abutment. 


L 
| 
i" 


CONCRETE POCKET BOOK. 165 


The abutment does not need to be solid, and may be de- 
signed similar to retaining walls with counterforts, a counter- 
fort at each rib. We have yet to figure the floor construe- 
tion, which carries the pavement. The columns supporting 
this floor are spaced 6" ¢. c. in transverse direction and 10’ 
to 15’ in longitudinal direction. For a 12-ton wagon and a 
longitudinal spacing of columns of 10’, we need No, 12 
girders in both directions and a 5” slab, reinforced by 0.2 
square inches per lineal foot in transverse direction and by 
0.15 square inches in longitudinal direction, requiring an 
average of 0.566 cubic feet of concrete and 3.39 pounds of 
steel per square foot. For a spacing of columns of 15’, we 


~ need No. 16 girders in longitudinal direction, while slab and 


eross girders may be the same as above, requiring 0.548 cubic 
feet of concrete and 4.15 pounds of steel per square foot. 

For a 24-ton wagon and a spacing of 10’ of the columns 
we need No. 15 and No. 12 girders in longitudinal and trans- 
verse direction, respectively, and a 5” slab, reinforced by 
0.86 and 0.15 square inches of steel per lineal foot, requir- 
ing 0.566 cubie feet of concrete and 4.87 pounds of steel per 
square foot. For a spacing of 15’ feet we can use the same 
slab and eross girders, but the longitudinal girders must be 
No. 25, requiring 0.566 cubie feet of concrete, 5.25 pounds 
of steel per square foot. 

The supporting columns have to carry an area of only 
60 to 90 square feet and a load not exceeding 25000 to 30000 
pounds, hence 10”, or at the utmost 12”, square columns, 
reinforced by four *4”’ round bars, are amply strong. 

The table on page 169 gives the property of arch ribs with- 
out connecting slab, and the use of such ribs is of importance 
where the traffic of the bridge is light, as for example in 
public parks, and where the foundations for the abutments 
would prove too expensive for a heavy bridge. 

For an example we shall assume that we have to design 
a bridge of 150’ span, 40’ foot rise and a width of 12’. After 
a short trial we find that two arched ribs 14”x14”, 6’ ¢. «¢., 
reinforced by 1% of steel both at the top and the bottom, 
will answer. The bridge will have a granitoid finish, and 
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the weight of floor construction will not exceed 80 pounds — 
per square foot. In this case d+e/3=—6 x 80+6x50+14x 14 ; 

+44=1080 pounds per lineal foot of rib and the thrust | 
=1080X Pe 76000 pounds and the greatest moment from — 


a uniform load=600X PO =185,000 foot-pounds. The area % 


of the rib=255 square inches and the moment of resistance 
=711 inch’, and the direct compressive stress 76000+255== 
297 pounds and the stress in the extreme fibres from the ie 
bending moment=135,000x12+711=228 pounds per square ~ 
inch, giving a maximum stress of 525 pounds. The ribs 
should be connected by three stiffeners about 14x14” at Ki 
each 14 point of the arch. In the entire bridge, inclusive of _ 
floor construction, are 2000 cubic feet of concrete and 12500 | 
pounds of steel. 


Form Lumber: The amount of lumber required for the ~ 
form work of a solid arch or a ribbed arch with slab (ex- 
elusive of the lumber for the reinforced concrete floor carry- 
ing the pavement) varies from 4 to 6 feet B. M. per square 
foot of bridge for the intrados, and from 0.1 to 0.25 feet 
B. M. times the area in square feet between the intrados and — 
the bed of the stream or ravine, for the supports and brac- 
ing, for each lineal foot of the width of the bridge. 
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PROPERTIES OF ARCH RINGS, 12” WIDE AND RE- 
_INFORCED BY %.% AND 42% AT TOP AND BOTTOM. 


Reinforcement 4% at Top and 


Reinforcemnnt 3% at Top 


Bhickness park 4% at Bottom and $% at Bottom 
of | Stab 12” | Moment Moment Moment Moment 
Slab | = of at Area of of 
in square | Inertia Resistance Inertia Resistance 
mebes | Inches | ach Inch® eee Inch* Inch® 
4 48 66 Bh 51.6 68 34.0 
5 60 132 53. 64.5 139 55.8 
6 de 232 Ths 74.4 249 83.0 
7 84 375 107. 90.3 407 116.0 
8 96 566 141, 103.2 621 156. 
9 108 814 181. 116.1 900 200. 
10 120 1126 225. 129.0 1252 250. 
11 132 1509 274. 141.9 1688 306. 
12 144 1972 329. 154.8 2216 370. 
3 156 2519 387 157.7 2841 453. 
14 168 3161 452. 180.6 3577 BIT. 
15 180 3906 521. 193.5 4437 591. 
16 192 4750 594, 206.4 5404 676. 
17 204 57138 672 219.3 6513 770. 
18 216 6807 760. Zoos 7782 865. 
19 228 8019 845. 245.1 9179 966. 
20 240 9380 938. 258. 10750 1075. 
21 252 | 10881 | 1040. 270.9 12501 1190. 
Des 264 | 12530 | 1140. 283.8 14410 1310. 
Pe 276 14337 1240. 295.7 16597 1440. 
24 288 16204 1350. 309.6 18584 1540. 
25 300 | 18350 | 1470. 322.5 21075 1690. 
26 312 | 20676 | 1590. 335, 4 23776 1820. 
27 Slt eiezolson | U7 20: 348.3 26683 1980. 
30 360 | 31920 | 2120, 387.0 36840 2450. 


Up to 23” it was assumed that the center of reinforcement 


is 14%” from each face and 1%” for the thicker slabs. 


The area, moment of inertia and moment of resistance of 
the composite section was found by assuming E steel : KE con- 


erete=15, 


Area 


Sq. In. 


55 
69 
83 
96 
110 
124 
138 
152 
165 
180 
193 
207 
221 
234 
248 
262 
276 
290 
304 
317 
331 
345 
358 
372 
414 


dA 
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_ PROPERTIES OF ARCH RIBS WITH CONNECTING — 
SLAB, FOR A WIDTH OF SIX FEET. 


Moment Moment 

Detonations in Figures fasted Area af ~ = = 8 
helow ment |. Plain | including) nertia | Resistance 

tyne. fee 15 times) ig in | 

= Area | Concrete | Area of i 

a” w! t” at Top | section |Reinforce- 1000 Wee, | 

Sq. In. ment Inch Inch 
A 36 20 o TD 980 | 1205 178 8.5 
B 42 24 6 1.5 1296 | 1521 298 12.0 
G 42 24 6 10 1296 | 1596 324 13.0 
D 48} 24 8 8.75| 1536 | 1798 461 15.9 
E 48 | 24 8 10 1536 | 1836 478 16.5 
F 48 24 8 12.5 1956 | 1915 513 ra 
G 48 | 24 8 15 1536 | 1986 548 18.9 
H 54 | 80 8 | 12.5 + 1956 | 2331 765 24.7 
I 54] 30 8 | 15 1956 | 2406 809 26.1 
J 60 30 8 15 2136 | 2686 1069 31.2 
K 60 30 8 17.5 | 2136 | 2661 1123 33.0 
L 70 30 8 20 2456 | 3036 1761 45.2 
M* 70 30 10 15 2940 | 3390 2075 69.0 
N* 80 30 10 15 3240 | 3690 2901 72.9 
o* 80 | 30 10 | 20 3240 | 3840 3096 7732 
p* 80 30 10 25 3240 | 3990 3286 82.1 
Q* 80 | 30 15 | 30 3660 | 4560 3804 95.0 
R* 90 30 15 25 3960 | 4710 4871 108.0 

s* 100 30 15 50 4660 | 6160 7970 159.4 — 

T* 120 40 15 50 5760 | 7260 13160 219.0 
U* 140 40 15 50 6560 | 8060 19500 279.0 
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PROPERTIES OF ARCH RIBS WITHOUT CONNECTING 


SLABS. 
Width Area Reinforcement 1% Top and Reinforcement 149 Top and 
and of 1% Botiom 13% Bottom 
Depth Plain 
of Section — Moment ie ors. ar he ie 
; ol 0 0 
Rib | Square | jnertia | Resistance Inertia | Resistance 
Inches | Inches Inch Inch? Sq. Inches inch Inch” Sq. Inches 
$x 8 64 461 115 83 521 130 93 
$x12 96 1732 289 125 2022 337 139 
~10x10} 100 1100 220 130 1233 246 145 
10x12} 120 2169 361 156 2530 422 174 
10x16 160 5430 680 208 6450 807 232 
12x12] 144 2603 435 187 3038 506 209 
12x16} 192 6516 815 250 7736 972 278 
12x20} 240] 13200} 1320] 312 15800| 1580 | 348 
12x24) 288 23374 1940 375 28124 2348 418 
14x14|] 196 4980 711 255 5870 839 283 
14x20} 280 15410 1541 364 18450 1845 406 
14x24] 336} 27800] 2280 436 32900} 2750] 487 
16x16 | 256 8690 1085 393 10300 1290 372 
16x24] 384 31100] 2590 500 36400 3030 557 


16x30} 480 | 62200; 4150 624 75300| 5020 | 696 
16x56 | 576 | 109500} 6070 749 132800| 7390 | 830 


20x20} 400} 21970} 2197 520 26300; 2630 680 
20x24} 480] 39000] 3250 624 47000} 3920) 696 
20x30} 600 | 77800) 5200 780 94100] 6290} 870 
20x36} 720 | 153000) 7400 936 160700} 8900 | 1044 


20x42 | 840 | 214400} 10200 | 1092 |} 259900} 12400 | 1218 
24x24] 576 | 44820} 3730 749 53410} 4350} 830 
24x30} 720} 90500} 6030 936 108750| 7210 | 1044 
24x3) 864 | 159800} 8840} 1120 193000| 10750 | 1250 
24x42 | 1008 | 256100} 12200] 1311 310100] 14800 | 1461 
30x36 | 1080 | 199000} 11050 | 1400 |] 240500; 13400 | 1556 
30x48 | 1440 | 485000} 20200 | 1870 |] 690000; 24600 | 2088 
30x60 | 1800 | 963000} 32100 2340 |J1174500|] 39100 | 2610 

In the ribs up to 20x30” the distance of the center of re- 
inforcement to each face was assumed=14”; in the ribs be- 
low that, 2”, 
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DESIGN OF SOLID ARCH BRIDGES. 
SPAN | RISE IN FEET 
30' | 3’ | 4’ | 5’ | 6’ | 7’ | 8” | 10"| 12¢] 16m 
BF ideessacocsscaedd «00 | 200: [145 “1.375 32" e281 -188| Lom 
T a4 Lin. Ft. Width...)10300} 7550} 6950} 6100) 5450 4000; 3560 
Proper Lin. Ft. Width} 900) 900) 900) 900; 900 900; 900 
100-L—-per Lin FW) 3750) 2800) 2250) 1880) 1610 930| 750 
M from 12 Ton Wagon. 2140) 2140) 2140) 2140) 2140 2140) 2140 
T from 12 Ton Wagan..) 2000) 1500} 1200) 1000} 857 500) 400 
M from 24 Ton Wagon..) 4280) 4280) 4280) 4280) 4280 4280} 4280, 
T from 24 Ton Wagon..| 4000) 3000} 2400) 2000} 1714! 1000} 800 
3S! For Unif. bead.) 4” 4” 4” 
£5 Forl2tonWagon| 6” 5” 5” 
= | For24tonWagon| 7” Lg qe 
AO! ke Le eel OS, 10° |°12" | 15 
9A... ccescsccsess .575| 46 | .883| .330| .288 .230| .192] .1548 
T per Lin, Ft. Width.../15000)12500)11000) 9950) 9100 7920) 7190) 6400 
peer Lin Ft. Width} 1600] 1600) 1600) 1600) 1600 1600; 1600) 1600 
100 7 perLin. Ft.Wd.) 5000) 4000) 3330} 2850) 2500) 2220) 2000) 1680) 1330 
M from 12 Ton Wagon.) 2850) 2850) 2850) 2850) 2850) 2850} 2850} 2850) 2850. 
T from 12 Ton Wagon..| 2000} 1600} 1330} 1140} 1000) 890) S00) 667} 533 
M from 24 Ton Wagon.) 5700) 5700) 5700) 5700) 5700) 5700) 5700) 5700) 5700 
T from 24 Ton Wogon..) 4000} 3200) 2660) 2280} 2000) 1780) 1600) 1334) 1066 
2 | For Unit, Load.) 5” 5” 5” 
55 | Forl2tonWagon) 7” 6” 6” 
='S | For24tonWagon| 9” 8” 8” 
50' | 8’ | 6 | 7’ | 8’ | 9 | 10’| 12’] 15°] 207 
eras ee Oo | 416] .857|.8125] .279| 25 | .208] .167) 126 
T per Lin. Ft. Width. ,.|20900)18200/16400)15000/13800/13000)1 1700)10400) 9150 
Poe Lin, Ft. Width} 2500) 2500) 2500) 2500) 2500) 2500) 2500) 2500! 2500 
2 - 
100— per Lin. Ft. Wa. 6250} 5200) 4450) 8900) 3460) 3120} 2600} 2080) 1560- 
M trom 12 Ton Wagon.) 3760) 3760) 3760) 3760) 3760} 3760) 3760) 3760) 3760 
T from 12 Ton Wagon..| 2000} 1670} 1480} 1250) 1110) 1000} 836) 666) 500 
M from 24 Ton Wagon.) 7520) 7520) 7520) 7520) 7520) 7520) 7520) 7520) 752 
T from 24 Ton Wagon... 4000} 3340) 2860) 2500} 2220) 2000) 1672) 1332) 1000 
% & (For Unif. Load.) 7” ee 6” 
5S | Forl2tonWagon) 8” Fis ris 
= ® (For24tonWagon! 10” 9” 9” 
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OF SOLID ARCH BRIDGES. 


SPAN | 
| 


| DESIGN 
| 


6’ 


pees 


RISE IN FEET 


x 


10’ | 12’ | 15/ 


20’ 


171 


25’ 


| . = See 
a A Lin. Ft. Width. 


10 foo!" Lin. Ft. Width 


100 per Lin. Ft. Wd. 


M from 12 Ton Wagon.. 
T from 12 Ton Wagon.. 
M from 24 Ton Wagon.. 
T from 24 Ton Wagon.. 
gs { For Unif. Lead.. 
Ss ) Forl2tonWagon 
= | For24tonWagon 


46 
-|28200 


3600 


.392 
25100 


3600 


6400 


5020 
1920) 
10040 
3840 


Zoe | 
a—t... 
T 0 Lin, Ft Width. 


mee Lin. Ft. Width 


p 


iS 
100 “sf per Lin. Ft. Wd. 


M from 12 Ton Wagon.. 

T from 12 Ton Wagon.. 

M from 24 Ton Wagon.. 
4 irom 24 Ton Wogon.. 
= | For Unif. Load. 

zs 4 For12tonWagon 

= | For 24tonWagon 


345 | .305 
23700/21300 
3600) 3600 


5600) 5000) 
5020) 5020) 
1680} 150 
10040)10040 


10040 
3360} 3000) 2700) 2240) 1790) 1354 


70 pai ciate 


.278 | .230 | .183 
20000 


17900)15800 


3600} 3600) 3600 


3750} 3000 


5020) 5020 
1120; 895 


4500 


5020 
1350 


. 1375 
13700 


3600 


2250 


5020) 
672 


10040)10040 


3” 
9 ” 


11” 


| 15’ 


10040 


20’ 


110 
12500 


3600 


30’ 


40 
34600) 


4900 


8800) 


6300 
2400 
12600 


.30 
31600 


4900 


7700 
6300 
2100 
12600 


aA 28 |. 
29200|27400 


4900, 4900 


6800} 6150 
6300} 6300) 
1870} 168 

12600/12600 


4800 
I 0” 
I 1” 
1 3! 


4200 


3740} 3360 


so! | 


8! 


“9 


TO! fe 1’ 


T ne Lin. Ft. Width.. 


aoe Lin. Ft. Width 


100 per Lin. Ft. Wa. 
M from 12 Ton Wagon.. 
T from 12 Ton Wagon.. 
M from 24 Ton Wagon.. 
T from 24 Ton Wagon.. 
= | For Unif. Load.. 


088 
44500 


ve 


10000 
7700) 
2560 


044 
40900 
6400 


8900) 
7700 
2280 


15400 
5120 
I je 
12” 


& { For12tonWagon 
s 


1 6” 


15400 


.310 | °281 
38 100|35800 


6400} 6400 


8000) 7250 


7700) 7700 
2050} 1860) 


12600)12 


.208 
34000 


15400)15400 


4560 


15400) 
4100] 3720) 3420) 3160) 


.254 | .233 | .187 


25700/24500|2 1700 


4900} 4900) 4900 


5560 


6300) 
1530 


5100} 4100 


3060} 2 


, 


12 3’ | 15/ 


140 | .093 


18800 
4900 


3070 
6300) 
840 
12600 


15800 
4900 


2050 


6300 
560 
12600 


1680) 


20’ 


239 | .207 
32400/29800 


6400} 6400) 6400 


6670 
7700 


1710, 


6150) 
7700 
1580) 1: 
15400 


156 
25800 


6400 


4000 


7700 
1030) 
15400 
2060 


| .104 


21600 
6400 


2670 
7700 
685 
15400 
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STRESSES IN SOLID ARCH BRIDGES. 


Span in Feet 


"Uniform Load and 12 Ton Wagon | 24 Ton Wagon . 
’ Bending Thrust for a Rise ia Feet Bending | Thrust for a Rise in Feet 
! Moment Monet |-——__,___ 
90" |rats| 9” | 15’ | 30’ |rtts| 9” | 15’ | 30! 
8100 | 53500! 38700 | 27800 | 17800 | 538000 |88400)27700 
Thickness at Crown... 13” 12 II 16 15) = 14 
Compressive Stress... 297| 235; 184 240} 186) 144 
Stress from Bend’g. M.. 214 263 318 315 362) 420 
Temperature Stress... 3) a2 15 70 40 1 +4) 
100! 10’ 20' 35’ 10’ | 20’ | 35a 
10000 | 63400 | 42100 | 833000 | 20400 | 62600 |41700 32800 
Thickness at Crown... 15” 13 12 17 16) 1B 
Compressive Stress... 307} 234) 200 267} -189) 159 
Stress rom Bend’g. M. 203| 265) 325 318} 360) 413 
Temperature Stress... 59] 25] ‘14 67 | 32) ie 
110! 10’ | 20’ | 35’ 10’ | 20'| 35’ 
12100 | 78000 | 51900 | 40300 | 23000 | 76500 [5120039400 
Thickness at Crown. .. liz”, 15 13 19 17) ie 
Compressive Stress. .. 333 250 225 293| 220) 173 
Stress from Bend’g. M. 187| 2451 320 287} 308] 407 
Temperature Stress. .. 67 30 14 76| 34) JS 
120! 10’ | 20’ | 35’ | 10’ | 20’ | 35! 
14400 |100000) 65000 | 50000 | 26000 | 98000 '64000'49000 
Thickness at Crown... ile 18 17 21 20; «18 
Compressive Stress... 383 262 214 3388} 233) 198 
Stress from Bend'g. M. 179) 200} 225 263) 291) 362 
Temperature Stress. .. 7) 36 20 | 83| 40) BR 
130! iis 25' 40’ 13’ | 25’ | 40’. 
16900 |103000) 70000 | 57100 | 28200 |101000'69000!56500 
Thickness at Crown. .. 20”) , 19 18) 22). 2) ae 
Compressive Stress... 375} 268} 280 333] 238) 216 
Stress from Bend’g. M. 189 210 235 260) 285) SaG 
Temperature Stress. .. a7 31 18 67 33). 29) 


The stresses are in pounds per square inch. 
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Span in Feet | Uniform Load and 12 Ton Wagon 24 Ton Wagon 
, sma Thrust for a Rise in Feet Bending | Thrust for a Rise in Feet 
omen’ M t 

140° | mas | 14’ | 25° | 40” |enamett 47 | 25’ | 40’ 
19600 |116000} 85700 | 67000 | 31100 |114000/84100166000 
Thickness at Crown... 22” 20 20 24 23) 21 
Compressive Stress... S82) coll 243 345] 266) 227 
Stress from Bend’g. M. 180 218 218 POVEeOUe valet 
Temperature Stress... 63 32 20 68 SHE, =. eal 

150! 15’ | 25’ | 40 15’ | 25’ | 40’ 
22500 |102000} 61700 | 88350 | 33500 | 97000 |58300/36200 
Thickness at Crown... ce. 19 18 24; 20/ 19 
Compressive Stress... 335 236 i 56 292 1 9 1 138 
Stress from Bend’g. M. 206) 280) 315 255! 307) 415 
Temperature Stress. .. 58 30 18 63, 26)" 19 

160! 16’ | 25’ | 40’ 16’ | 25’ | 40’ 
25600 |116000| 74000 | 46700 | 36500 |110000!70000!44.100 
Thickness at Crown... 23” 20 19 25/ 22) 20 
Compressive Stress. ..| 365 268 179 320! 231) 160 
Stress from Bend’g. M., 213i 286) 319 256} 335} 406 
Temperature Stress...|_ 7 32 19 59} 35) 20 

170! 17/|.30° | 45° 17’ | 30’ | 45’ 
28900 |130000| 73500 | 49000 | 39000 |123000!70000)46500 
Thickness at Crown... 24” 21 20 26) 22) 21 
Compressive Stress... 393 254 177 343 eo 160 
Stress from Bend’g. M. 198 291 323 258) 357 393 
Temperature Stress... 50 28 18 61 29) 19 

180' 18’ | 30’ | 45’ 18’ | 30’ | 45’ 
32400 |143000! 86000 | 57600 | 42000 |135000'81500/54500 
Thickness at Crown... 27” 22; al 30; 24, 22 
Compressive Stress. .. 885 284 199 326] 246) 1 80 
Stress from Bend’g. M. 194 296 326 203 3824| 385 
Temperature Stress. .. 53 29 19 66; 32) 20 


The stresses are in pounds per square inch. 
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GIRDER BRIDGES. 


Reinforced concrete girder bridges are, as a rule, cheaper 
then arched bridges for the spans given in table on page 187.— 


We assume that the girders are six feet center to center. | 
The thickness of the floor slab is governed by the requirement 
of the-necessary flange area for the girders. 


We gave in the first three lines of the table the equivalent 
uniform load which produces the same moment as a 20-ton — 
steam roller, a 24-ton and 12-ton wagon, and as can be seen a — 
20-ton roller is more unfavorable than a 24-ton wagon. For 
the larger spans this equivalent load is not much greater than 
600 pounds, which is the load from a crowd of people per — 
lineal foot of 6’ width. 


_ All the dimensions are clearly given in the table. The Iongi- 
tudinal reinforcement of the slab was assumed 144%, in order 
to prevent cracks. 


By connecting the main girders by one or two stiffening 
girders, the load is distributed over practically all girders in 
the bridge, and we can safely figure a capacity of the bridge 
from 25 to 40% greater than given in the table. These 
stiffening girders should be only a few inches less in depth than 
the main girders, 8’’ to 12’ wide, and reinforced by 4% at 
top and at the bottom. 


The abutments can be made similar to the retaining walls 
given in pages 112-117, with the difference that the heel does 
not need to be as wide, on account of the additional weight of 
the bridge on the base, and that pilasters must be provided to 
offer a bearing to the bridge girders. This bearing should not 
be less than 12” deep, and be better 18 to 24” deep in the 
larger spans, 


The sidewalks are generally in cantilever of a length of 2’-6” 
to 3’-0". 

If the bridge girders are continuous, a reduction of about 20 
to 25% can be made for the moment in the center, but the top 
of the beams must be heavily reinforced over the supports for 
the negative moments. 
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FRAMED STRUCTURES. 


The monolithic character of reinforced concrete construction 
unites the various members of construction to such an extent 
that the deflection in one member affects the deflection in a 
more or less degree in all other members. 

The stresses become indeterminate, and can only be exactly 
found in the simplest cases. ’ 

Figure 81 represents a girder of the span 1 and the moment 
of inertia I,, connected to two uprights of the height h and 
the moment of inertia I, and loaded by a uniform load p per 
lineal foot. Figure 82 represents the same structure, with no 
load on the girder, but affected by a triangular load, such as 
earth pressure, at the supports. Figure 83 represents the same 
structure acted upon by wind pressure on one side only. 


Let nh 4B then by the theory of least work, the stati- 


cally indeterminate value of Ma and T for uniform load and a 
concentrated load P in the center are given for Figure 81 by 
the formulae: 


pl? 1 Py oe 
ge 8h 1+4n | for uni- T=%6 “h 1 +4n| for a concen- 
: Pi 


we pee et form load EY trated load 
gee + gn he hal + $n 
ie ign. 
TS=hx4= v 
for Figure 82, when E= 2 2 fs as ; 
Z Ma =Ex thx eee 


for Figure 83, when p the pressure per lineal foot of support, 
the indeterminate values can be found by the equations, 


th (1+ $n)— Ma (1 4n) + MP4) gph? (14490) 
ae (+s) a (14+8n)—MP—= _4ph? (1+4n) 


Btn) + SY 1+3n)= pl? (1+ $n) 
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Figure 84 represents a roof girder of the moment of inertia of 
I1, supported by two columns. 


The indeterminate values of T and Ma can be found by 
solvihg the equations, 


—Ma(1+3h2 +n)+Th(14 bt _ eas +4n)= PE (1+ 9Rt 


+ Ma (1+2n)—Th (1+ 4 m =n) =— = when n= ah 


Xecos. k. 


Figure 85 represents a parabolic roof girder on two supports. 
T and Ma may be found by solving, 


nage + ge + gn) — Ma (1492 ny Pr ghty 
h h? h 12 h 


Ma (1420) —Th (143M $n) =— PE 


The case represented by Figures 81 and 82 is encountered in 
all culverts and also in girder bridges, when the girders are 
monolithically connected with the abutments. 


As an example we shall figure the shed construction as shown 
in Figure 86. 


AS 
hi=14.75’, h=28.’, 1=80’, Ti=18x*, ae =18x 5 


and a =0.51, n=0.1095, and the two equations are 

al 
—Ma(1+0.255+0.1095) 4+-Th(1+ 0.255 +-0.0867 + 0.0735) = 
pl? 
ED 


Ma(1+0.2190)—Th(1-+0.255-+0.1095)== — = 


or Ma=0.0175p? and Th=0.0738pI. 

p, we assume=2000 pounds per lineal foot, and pl’=12,800,000 
and Ma=224,000 foot-pounds and Th=945,000 foot-pounds, or 
the moment at C—945,000—224,000=721,000 foot-pounds. 


2000x80? 
8 


The moment at the center of the roof girder= 


94; ~ 


224000— ~~ (h +h1)=896000 foot-pounds, 
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The wind stresses can be found, approximately, by using the 
equations given for Figure 83, which become in this case, 
1.073 Th—0.55475 Ma-+-0.55475 Mb—0.800175 ph? 
0.55475 Th-+0.4428 Ma—0.16667 Mb=—0.35158 ph? 
0.55475 Th—0.16667 Ma+ 0.4428 Mb=0.471417 ph? 
or Th—0.797 ph*, Ma=0.269 ph*?, Mb=0.164 ph’, 
Assuming the ribs to be 16’ ¢.c, and the wind pressure=20 
pounds per square foot, p=320 and ph>=253,000. 
or Th=202,000 foot-pounds, Ma=68000 foot-pounds, Mb= 
41500 foot-pounds. 


The thrust at the point B=ph—0.797 ph=0.203 ph==1800 
pounds, 

This moment Ma and thrust T have the tendency to diminish 
the stresses on the wind side, while the stresses at the lee side 
are increased. 

The greatest moment at the base is at B—224,000+41500= 
265,500 foot-pounds, and the greatest moment at C—=721,000— 


202,000 +-68000-+-320 x 28° =712,000 foot-pounds, while at F 


the moment=721,000-+1800 X 28—41500—=730,000 foot-pounds. 

The rib at. F is 18” wide and 65” deep, or the coefficient= 
730000 
1.5 x 652 
square inches of steel. If the slab in the center of roof is 
omitted for the purpose of a lantern, we have to place in the 
center of the roof girder ten square inches of reinforcement, 
otherwise six square inches will suffice. 

At the base the rib is 50” wide, and we have to place 4.5 
square inches of reinforcement at the inside face of the rib. 

The footing of the ribs must be designed to take up the 
moment of 265,500 foot-pounds and the vertical load from the 
structure. Only compressive stresses can be produced on the 
- ground and the vertical load must be large enough to prevent 
sliding of the base from the thrust action. The vertical load 
at the base = 2000 X 82.8 + weight of reinforced concrete wall 
(5” thick) between the ribs and the weight of footing and dirt 
above it = 137,000 pounds. 


=1.15, corresponding to a percentage of 1.06, or 12.5 
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Assuming the footing to be 6’ wide and 12’ long (in trans- 
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verse direction of the shed), we have 265,500—S6x——— or the 


compressive stresses at the edges S=1840 pounds per square . 
137000 
6x12 : 
per square foot, or 3745 and 65 pounds are the compressive 
stresses at the edges of the base. 


foot and the direct compressive stresses—= =1905 pounds 


For another example we will assume a culvert of 8’ 
span and a height of 8’; floor and wall we assume of 
the same thickness, and as span and height are the same 
n=l. For a uniform load of 1000 pounds per square foot 


T=1000X 8 1 667 pounds per lineal foot, and 
8x$ 1-44 

Ma=1000X sil =1780 feot-pounds, or the moment 

at C—=—667 X 8+1780—=—3553 foot-pounds, and in the center 


of the span at D=1000x 


8” 35534447  foot-pounds. 


Assuming the earth pressure —=360 pounds per lineal foot, 
T==300% #x =e =276 pounds per lineal foot, and 


1+ 36 —¢10 foot-pounds,, 
1+4 
the moment at C=—276X8+610—360x5—=—3398 _  foot- 
pounds approximately, and moment at D=3398 foot-pounds; 
hence the maximum moment at C==—3553—3398—= 


foot-pounds. 


Ma=360X sf x 85 


The favorable influence of the earth pressure at D should 
not be taken as the full 3398 foot-pounds, but % of it is 
certainly safe; and the moment at D=—=8447—1694=2753 
foot-pounds. Assuming a thickness of wall and slab of 9” 
the reinforcement at D should be 4% and at C=%%. 
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REINFORCED CONCRETE CHIMNEYS. 

The wind pressure assumed in the calculation of the 
_ chimneys in the tables=30 pounds per square foot of pro- 

jected area of the chimney, which is equivalent to about 50 
' pounds per square foot on a flat surface. Let d=the out- 
side diameter in feet and H=the height of the chimney in 
feet the moment about the base of the chimney=15 d H? 
foot-pounds. 


The moment of resistance of a ring section, reinforced 
by p per cent of steel is very closely= 


3.14 2 2 ‘ ; I ) t o— 
D2t ( 1—3. as p >. 1 
: 3 ) 4 X10 


when D outside diameter in inches, 


and t thickness of ring in inches. 


The stresses from the bending moment plus the direct com- 
pressive stresses from the weight of the chimney should not 
exceed 500 pounds per square inch. We assumed that the 
conerete does not take up any tensile stresses, and that the 
steel must take care of all tensile stresses. 


The size of the footing is governed by the condition that 
there should exist only compressive stresses on the base (or 
as it is commonly said, that the resultant of weight and wind 
pressure intersects the base within the middle third, and to 
accomplish this it is necessary to place the footing at certain 
depth below the ground in order to obtain the benefit of 
the weight of the fill above the base. The lower portion 
of the chimney is generally provided with an inside shell 
of conerete, brick or fire-brick, 4’ thick, and an air space 
of 4’ is provided between the two shells. This is the reason 
why the lower shell has an inside diameter 16” larger than 
the upper shell. We assumed the height of the inner shell 
40’ for chimneys 5’ in diameter, 50’ for chimneys 6’) in 
diameter, and 60’ for all other chimneys. 
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REINFORCED CONCRETE CHIMNEYS. 


Inside Diameter ............... | 50" 
Height in feet... so | 90 | 100| 110 | 120] 130} 
Thickness of lower shell...... : 8 8 8 8 8 
—_ ot upper shell...... 6” 6 6 6 6 6 
Sasa i les Peta dO 5 Ip 1.4 16.9 ae 
one te..| .35.| .35| .35 | .50.|.75] .95 
Height of Mizim. Reinforce- 
Oe rite fe) 4a?! | gad gg be) ae 
Side of Footing—Feet......... 15’ 18 18 20 20 22 
Depth of Footing—tinches.....) 30” 32 34 37 40 41 
, ete UR re ae a ae 5! 4 46 | 5-0 | 5-6 | 5-6 
Total Steel—Pounds.......... 5600 | 7090 | 8470 | 11480/} 13800 | 16280 
Total Concrete—Cubic feet... 1270 | 1590 | 1740 | 2080 | 2230 | 2510 
Inside Diameter............... : 6'-0" 
Height in f00t oo esseen 90 | 100| 110] 120| 130 | 140 | 150 
Thickness of lower shell...... 8 8 8 8 8 8 10 
Thickness of upper shell...... 6 6 6 6 6 6 6 
Pefrcemet Ia - .75 | 1.00 | 1.20 | 1.40 | 1.60 | 2.00 | 1.50 
Lower Shell ¢ Top....... .35 .39 40 | .50 .80 | .80 .95 
Height of Minimum Reinforce- a 
ment in Upper Sheil ...... 50 50 50 50 50 50 50 
Side of Footing—feet......... 17 18 20 20 22 24 25 
Depth of Footing—Inches.....| 34 38 39 43 44 45 48 — 
j Ps Pant Oe ae 46 | 50 | 50 |} 6-6 | 60 | 5-6 | 60 
Total Steel—Pounds........... 7330 | 8930 | 11060 | 13020 | 16030 | 19200 | 21000 
Total Concrete—Cubic feet...| 1730 | 1985 | 2120 | 2500 | 2805 | 3140 | 3600 
Inside Diameter ............... ! 7'-o" 
Height in feet ........cccscseu | 100 | 110 | 120 | 130 | 140 | 150 | 160 
Thickness of lower shell ...... 8 8 8 8 8 10 10 
Thickness of upper shell...... 6 6 6 6 6 6 6 


Percentage of Re- 
inforcement in} sce ees . el : . 
Lower Shell... ¢ Top....... “OO. 30 1) 740 S605 |Online 90 

Height of Mizimum Reinforce; _ 
ment in Upper Shell ...... 52 52 52 52 52 52 52 


Side of Footing—Feet......... 20 20 22 24 24 25 268 
Depth of Footing—Inches......| 38 41 43 45 48 50 53 
Latenadtnic seems 5-0 | 66 | 6-0 } 5-0 | 66 | 60 | 60. 
Total Steel—Pounds........... 9120 | 12440] 14380] 16600 | 20150 | 21620 27000 


Total Concrete—Cubic feet....| 2300 | 2560 | 2950 | 3260 | 3415 | 4070 | 4450 
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REINFORCED CONCRETE CHIMNEYS. 


Inside Diameter ............... | 8'-O" 

Height in feet... 110 | 120| 130| 140 | 150 | 160 | 

Thickness of lower shell......|  §” 8 8 8 10 10 

Thickness of upper shell...... 6” 6 6 6 6 6 

Gerd of Re- Bottom.) 1.00 | 1.1 is 1.5 1.25 | 1.50 
nforcement in aye = = ae ae 
Lower Shell Top...... uo .00 45 .70 60 Pe ts) 


Height of Minim. Reinforce- 
ment in Upper Shell........| 597 59 59 59 59 59 


Side of Footing—Feet......... 20’ 22 24 24 25 26 

Depth of Footing—inches.....| 43” 44 46 50 52 54 

| ee 5’/-6”'! 5-6 ; 5-0 | 6-0 | 5-6 | 6-6 

Total Steel—Pounds.......... 12820 |14440 |16850 | 20180 | 25850 | 30250 

Total Concrete—Cubic feet... 2810 | 3160 | 3525 | 3780 | 4785 | 5125 

Inside Diameter............... | 9'-Q" 

Height in feet... ..n | 120 | 130| 140| 150| 160 | 170 | 180 
Thickness of lower shell...... 8” 8 8 10 10 10 


8 

Thickness of upper shell...... 6” 6 6 6 6 6 6 

Percentage ea tn Tae bBo hd A0TT OO PT Deel Bees 1 De 
6 : 


Lower shell CTop....| 35 | .85 | .55 


Height of Minimum Reinforce- 


ment in Upper Sheil ...... 62! || 62 62 62 62 62 62 
Side of Footing—Feet......... 22' | 24 25 26 27 28 28 
Depth of Footing—Inches...... 46” | 48 50 52 a) 57 61 
ee eee 6’-0" | 6-6 | 6-0 | 6-6 | 6-6 | 6-0 | 7-0 
Total Steel—Pounds........... 4830 {16760 | 20530 | 25820 | 25700 30570 | 36600 
Total Concrete—Cubic feet...| 3415 | 3820 | 4145 | 4490 | 5250 | 6635 | 6000 
Inside Diameter ............... | 10'-0" 

Height in fet... econ | 130 | 140 | 150 | 160 | 170 | 180 | 190 
Thickness of lower shell...... 8” 8 8 10 10 10 10 
Thickness of upper shell...... 6” 6 6 6 6 6 6 


Percentage ea net. it: 1.20 }1.40 }1.1 |1.20 }1.5 | 2.0 


eee 035 | 45.| .60 |. .60| .70 | .80°1» .90 


i inforce- 
Saree men) '67"| 6701 67.| 67 -) 67 | 67 |.,67 


Side of Footing—Feet......... DAN 25 26 27 28 29 30 
Depth of Footing—Inches...... 50” | 51 54 57 60 62 64 
Pee Rc teceasass sxtewonz 5/-6” | 5-6 | 6-0 | 6-0 | 6-0 | 6-6 7-0 
Total Steel—Pounds........... 17500 | 20300 | 23850 | 27200 | 30150 | 33450 | 40850 


Total Concrete—Cuhic feet...| 4120 | 4450 | 4825 | 5800 | 6175 | 6525 6975 
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REINFORCED CONCRETE CHIMNEYS. 


Inside Diameter............... 11-0" 
Height in fe0t......-scene 140 | 150 | 160 | 170 | 180 | 190 | 200 
Thickness of lower sbell......| 8 c 8 8 10 10 10 12 
Thickness of upper shell...... 6” 6 6 6 6 6 6 
Percentage of Re-( Bottom; 1.0 | 1.2 | 1.6 | 1.1 RS 14 
inforcement of S ae = = ne 
lower shell ¢ Top..... 40 .00 .65 .65 7) .80 7) 
Height of Minim. Reinforce-| _, = ae = oe = sg 
ment in Upper Shell ...... 73! 73 fe 73 73 73 is 
Side of Footing—Feet......... 20’ | 26 | 27 | 28 | 29°) 30 | oF 
Depth of Footing—Inches..../_ 92” 55 57 60 62 64 67 
Rene ep Nel at Cah ted 5/-6"|7-0 17-0 |6-0 |6-6 16-6 | 6-6 
~~ Total Steel—Pounds........... 20550 | 24250 | 33350 | 29950 | 36450 | 43900 | 40250 
Total Concrete—Cubic feet... 4725 | 5175 | 5575 | 6450 | 6925 | 7350 | 8125 
Inside Diameter 12'-0" 
Height in feet..........c.cc..e. 150 | 160 | 170| 180 | 190 | 200 | 225 
Thickness of lower shell...... 8” 8 8 10 10 10 16 
Thickness of upper shell...... 6” 6 6 6 6 6 8 
Percentage of Re-( Bottom.) 1.1 1 ee le 8 itor Ss 9 
inforcement of : ‘i : : <5 a? oo ‘ Mi 
lower shell (Top.....| .49 .60 79 .65 79 .90 9 
Height of Minim. Reinforce; _ ., ere = = rel pte a 2 
ment in Upper Shell ..... (0 76 76 76 76 76 90 
Side of Footing—Feet......... 27’ | 28 29 30 3 32 33 
Depth of Footing—Inches.....) 5¢” | 60 62 65 67 69 Ts 
Bia le Orbtte eas 6-6" |6-6 |6-6 16-6 16-6 }6-6 | 6-0 
Total Steel—Pounds........... 24400 | 27700 | 37450 | 34550 | 40800 | 48400 | 64000 
lotal Concrete—Cubic feet... 5650 | 6100 | 6575 | 7525 | 8050 | 8600 | 11400 
Inside Diameter............... 13'—O" 
Helght in feet... oon 160 | 170 | 180 | 190 | 200 | 225 | 
Thickness of lower shell...... 8” 8 10 io | 10 15 
Thickness of upper shell...... 6” 6 6 6 6 8 
ercentage of Re- a 8 ‘ 25 5 
‘atarecnaitat Bottom.. 1. - fl s 1 v 1 Sead 1.50 1.00 
. a mat se yee: 0d .65 60 ri) .80 .85 
eight of Minim. Reinforce-| : 
ment in Upper Shell ...... 80’ 80 80 80 80 94 
Side of Footing—Feet......... 28’ | 29 | 30 | 3i 32) 43a 
Depth of Footing—Inches..... 68" 65 68 71 74 80 
Te ee eee '-0"|7-6 17-0 |7-0 |6-6 16-0 
Total Steel—Pounds........... 28900 | 35900 | 35250 | 40750 | 45800 | 65800 
Total Concrete—Cubic feet... 6650 | 7000 | 8075 | 8625 | 9200 | 13100 
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REINFORCED CONCRETE CHIMNEYS. 
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Inside Diameter............... | 14'-0" . 
Height in feet... | 170 | 180 | 190 | 200 | 225 | 250 
Thickness of lower sbell....., 8” 10 10 tio | 12 15 
peeteass of wae shell...... 6” 6 6 6 8 10 
ercentage of Re- 3 9 a 2D 4 4) 
ree Re Retin 1.40 - 1 0 1.2 5 1.40 1.65 
lower shell (Top... .60 595) 65 oe Hae) .85 
Height of Minim. Reinforce- i : y 
ment in Upper Shell ...... 84 98 115 
Side of Footing—Feet......... 29’ 3 3 32 34 35 
Depth of Footing—Inches....| 67” 70 72 73 80 87 
onset ee ea 8-0" | 7-6 | 7-6 | 7-6 | 7-6 | 5-6 
Total Steel—Pounds........... 35350 | 37400 | 41700 | 47400 | 67700 | 164700 
Total Concrete—Cuhic feet...| 7425 8450 9100 9550 12200 17350 
Inside Diameter 15-0" 
Height in feet... | 180 | 190 | 200 | 225 | 250 | 275 
Thickness of lower shell...... 8” 10 10 12 15 18 
Thickness of upper shell....... 6” 6 6 8 10 12 
Percentage of Re- Bottem.. 1.8 .90 iY) 1.25 He 1.60: 
inforcement of | as a 3 5 fe 
é ie er pred Oe -60 65 89 10 1.00: 
eight of Minim. Reinforce- rs ; ays 
ment in Upper Shell .... 88’ 106 120 137 
Side of Footing—Feet......... 30 32 33 34 35 37 
Depth of Footing—Inches.....) 70” 72 74 81 89 96 
Tice REE es 8’-0" | 7-0 | 7-0 | 7-6 | 7-6 5-0 
Total Steel—Pounds........... 43950 | 42000 | 46500 | 62900 | 77900 | 140100 
Total Concrete—Cubic feet... 8275 9600 10200 | 12800 15950 | 23250 
Inside Diameter............... | 16'—Q" 
Height in feet... | 200 | 225 | 250 | 275 
Thickness of lower shell...... 10” 12 15 18 
Thickness of upper shell...... 6” 8 10 12 
Percentage of Re- Bottom..| 1.0 1.00 1.10 1.50 
inforcement of FS rs iS 
: ies shall seg ae -60 .65 70 75 
eight of Minim. Reinforce- “ . 
ment in Upper Shell ...... 92’ 110 129 145 
Side of Footing—Feet......... od! 3d 36 36 
Depth of Footing—Inches....., 76" | 84 91 100 
TE Oc eee eee 6-67 | 6-0 | 5-0 | 5-0 
Total Stee|—Pounds........... 48300 | 66800 | 99800 | 140000 
Total Concrete—Cubic feet...| 11300 | 14750 | 19800 | 24700 
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REINFORCED CONCRETE CHIMNEYS. 


Inside Diameter............... | 18'-0" 
Height in fetta | 225 | 250 | 275 | 300 | | 
Thickness of lower sbell...... 10” 12 18 18 
Thickness of upper shell...... 8” 10 12 12 


"*nermeat of e2- 1.20 oR de AP 0 Oe a eed) 
ee aed oe .70 .80 200 .90 
itatiaUpet Sue | 124" | 145 | 190 | 190 


Side of Footing—Feet......... 39" 36 36 40 
Depth of Footing—inches.....) 87” 96 100 104 
1 he aR A” ll 8’-6" | 7 6-0 9-0 


“Total Steel—Pounds. 67600 | 110500 | 122000 | 172800 
Total Concrete—Cubic feet... 14700 19950| 25800; 29400 
Inside Diameter | 20'-0" 
Height i ett... eeeneen | 225 | 250 | 275 | 300 | 350 | 
Thickness of lower shell...... 10” 12 15 18 24 
Thickness of upper shell...... 8” 10 10 12 15 
ek of he a Bettom.| 1.20 | 1.20 |} 1.20 | 1.20. | 1.00 
forcement o 
Newer read oop .60 V0 tiv 00 .85 -40 
in 
go in Upper Shell a 129’ 154 154 | 190 * 
Side of Footing—Feet......... 36’ 37 38 40 45 
Depth of Footing—Inches,....| 87” 96 100 | 108 114 
| Pret cae, Recegle | 7’-6" | 6-6 6-6 6-0 | 6-0 
Total Steel—Pounds........... 74400 | 105200 | 135500 | 153300 | 185200 


Total Concrete—Cubic feet...| 16200 | 21800] 25150; 29950] 37800 


*The thickness of the upper shell is reduced in two steps 
to 6”, 
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The tables gives the thickness of the lower and upper 
shell in inches, the percentage of longitudinal reinforcement 
at the base and at the top of lower shell, which top reinforce- 
ment should extend into the upper shell. As minimum longi- 
tudinal reinforcement we assumed 0.35%, and the figures in 
the sixth line give the height from the top of the chimney 
down to which this minimum reinforcement may be used. 
The side of the square footing and its depth at the center 
is given in the next two lines, and the depth of the footing 
below the ground is given in the next line. The sectional 
area of the bottom reinforcement in the footing is given by 
0.015 times the side of footing in feet by depth of footing in 
inches; part of which reinforcement may be obtained by 
bending the steel rods from the lower shell into the lower 
part of the footing. The reinforcement in the upper portion 
_of the footing may be assumed as half that of the lower 
reinforcement. The volume of the concrete in cubic feet in 
the footings is approximately—1/20 times square of side in 
feet times depth in inches. The quantities of concrete and 
steel in the entire chimney are given in the last two lines. 
The concrete mixture in the footings should be 1:6, in the 
shells of the chimney 1:5. A wet mixture of concrete and 
small gravel, rather than crushed rock, should be used for the 
shells. 

For example: A chimney 13’ 0” inside diameter and 180’ 
high, has a lower shell of 10” thickness and an upper shell — 


of 6” thickness. The reinforcement at the bottom of the 


lower shell is 1%, or 10” X12” X;z4,=1.2 square inches per 
lineal foot circumference, or 1” round bars 74%4” ¢. ¢. The 
reinforcement at the top of the lower shell is 0.6%, or 0.72 
square inches per lineal foot, or 1” rods 13” ¢. ¢. This latter 
reinforcement projects into the upper shell. The reinforce- 


ment at the top of the upper shell=0.35%=6 x 12 a —=0.25 


square inches or %” round bars 14’ c. ec. This minimum re- 
inforeement may be adopted for a height of 80’ feet down, 
and then must be gradually increased till it reaches the 
value of 0.72 square inches at the junction of both shells. 
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‘The lap of the rods should not be less than 50 diameters 


and they should be staggered. The base is 30’ square anc 
68” deep at the center and can be made 12” deep at th 
edges. The reinforcement in each of the two main direction: 
=0.015 X30 68=30.5 square inches, or about thirty-nine 1’ 
round bars in each direction. The base of the footing mus’ 
be 7’ below the ground, and in the entire chimney are 807: 
cubie feet of concrete and 35250 pounds of steel. 

The cireular reinforcement of the chimneys was assumet 
= %, or 0.24 and 0.18 square inches per lineal foot in thi 
8” and 6” shells, respectively. 


The compression per square foot on the ground wa 


assumed less than twice of the weight of dirt above th 
bottom of the base, | 
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Fig. 88. Typical Reinforced Con- 
erete Chimney. 
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TROLLEY AND TRANSMISSION POLES. 


Reinforced concrete poles deserve more serious considera- 
tion on the part of users of poles than is at present given to 
them. The cost of replacing a wooden pole is generally 
higher than the original cost of concrete poles. 

An ordinary wooden pole, as used for telephone and tele- 
graph wires, ordinarily fails under a pull not much above 
1000 pounds at the cross-arm, either by breaking or more 
generally by pulling out of the ground. 

We recommend a factor of safety of two, or maximum 
three, for reinforced concrete poles. . 

Example: On a pole is exerted, at a height of 20’ above 
the ground, a force of 1000 pounds. The moment at the 
ground line = 1000 X 20 X 12 = 240,000 foot-pounds. Experi- 
ments made by the writer and others indicate that the ulti- 
mate bending moment—2000X moment of resistance. For a 
factor of safety of two we require for above pole a moment 
of resistance 2X 240,000--2000—=240, or, according to table 
on page 205, a pole of a side of 11” at the ground line re- 
inforeed by four %” bars will suffice. 

The side of the pole at the top should be made about % 
of that at the base. The writer’s experiments demonstrat 
that the deflection of poles, when figured for a factor of 


safety of two—0.5 5H inehes, when L the leverage in fee 


and I the moment of inertia in inch‘, and for a pull of 100 
pounds. In our case the deflection—0.5 x8000+1335=3, 
inches. This pole contains, if we assume a length of 27 feet 
15.1 eubie feet of concrete and 113 pounds of steel. 

The anchorage is considerably increased by imbedding i 
the ground short pieces of concrete beams about 15” to 18’ 
below the ground line. For important lines it will alway 
pay to test the anchorage for the various soils encountered 
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1 of Plain Sec- 


iL rs ao 


4-8 Rounds..| 9850 
'S\4-3 Rounds,.|10330 
5 |4-Z Rounds. |1 0900 
3/41” Rouads}11570 
24-14 Rounds}1 2310 
4-14 Rounds 13150 


Side of Square 


12" 


1090 
1140 
1210 |7100 
1280 |7600 
1370 8160 |1020 
1416 (8800 |1100 


16" 


5450 


15" 


4225 


3190 2380 


6285 
6660 


11" 


785 
832 
889 
950 


10" 


1728 


4—§ Rowuds,.|2138 |355 
54-4 Rounds. [2328 |390 
8/44 Rounds,.|2543 1425 
4-1” Rounds|2798 |468 


1010 


1335 |242 
1485 |270 
1660 |300 
1860 |338 


24-14 Rounds|3088 |5 15/2090 |380 


4-14 Rounds|3398 |565 


833 


4940 |658/3790 |530|2870 |440 
5315 |710)4060 |580/3110 |480 
56935 |750 
6065 |8 10/4740 |678/3680 |570 
6515 |875|5150 |735/4030 |620 
7105 |950/5610 |802/4380 |675 


549 


4370 |624|3370|520 


hi 8" 


342 | 200 


997 |200 
1088 |217 
1203 |240 
1343 |268 


1493 |298 


671 
742 | 166/480) 120/292 
827 
929 |206]612)135/381/109 
1044 |234|697/174/437/125 


150/429/107/258) 74 
83 


184/540)/153/333} 95 


The black figures denote the moment of resistance in inch’. 


The figures to the left, the moment of inertia in inch’. 
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LABOR COST OF REINFORCED CONCRETE WORK. 


The cost of material, delivered at the site, can be obtained — 
without great difficulty. 


A 1:6 conerete mixture requires per yard of finished con- 
erete 114 barrels of cement, 0.9 yards of rock and 0.45 yards 
of sand. A 1:71%4 mixture requires 14% barrels of cement 
and 0.95 and 0.48 yards of rock and sand, respectively; and 
a 1:9 mixture requires one barrel cement and one yard of — 
rock and \% yard of sand. 


The prices of the materials must be figured unloaded at 
“the mixer. Unloading from railroad cars at the mixer costs — 
generally two to three cents per barrel of cement, 15 cents 

per yard of rock and 10 cents per yard of sand. 


The labor hours per eubie yard of concrete for mixing, 
hoisting, wheeling and tamping varies from 114 for a well- 
proven, well-designed new plant, using bins or steel carts 
for filling the mixer, an elevated water tank, first-class 
hoisting bucket, well-designed hoppers, and carts or steel 
cars for transporting the concrete, to two hours for an old 
plant with less favorable conditions of loading the mixer. 


To obtain this low cost, at least 45 batches an hour must 
be run through a mixer of nominal %4 yard capacity, which, — 
however, does not make more than 10 cubic feet of concrete. 
for a 1:6 mixture, when a batch consists of two bags of 
cement, 4 cubie feet of sand and 8 eubie feet of rock. 


For the average plant it requires 4 labor hours for each 
cubie yard of conerete, including average stoppages on 
account of breakdowns, ete. Only in exceptional cases it 
takes six to eight labor hours per yard of concrete, even 


where hand mixing is resorted to, and where the concrete is 
hoisted by erude means. 


The installation of the plant (not including the cost of 


mixer, hoisting engine, ete.) cost from 20 to 60 cents per 
yard, 
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Steel Labor: The average labor hours per ton of steel is 
24, and should in no case exceed 36. Under very favorable 
conditions they may be as low as 10. Under good manage- 
ment three men will bend 30 to 35 high-carbon bars into a hog 
ehain form in one hour, on a well-built bench, using two 
extra heavy gas-pipes for a lever. 


One man can make at least 200 stirrups, as shown in 
Figure 2, in one hour. 


Carpenter Work: The taking down of the forms and the 
removing of the lumber from the floor takes from 10 to 20 
labor hours per 1000 feet B. M. 


For the erection of the forms it takes, under the best 
management, not less than 20 carpenter and 10 labor hours 
per 1000 feet B. M., and these hours may increase in a badly 
designed structure and under correspondingly bad manage- 
ment to 80 carpenter hours and 20 labor hours. 


Brackets and a great variety of beams and spacing of 
beams increase the form labor very rapidly, as well as high 
ceilings. 


Nails: It takes about 6 to 8 pounds of nails per 1000 feet 
B. M. 


After the rough work is completed, the patching, cleaning 
up, the finishing of floors, stairs, walls and of sundry minor 
details, which were omitted when building the main structure, 
the carting away of all debris, lumber, dismantling of plant, 
ete., cost often from 10 to 50% of that of the main work. 

Water: It requires in the average 80 to 150 gallons of 
water per cubic yard of concrete, which includes the water 
for mixing, wetting of the forms, sprinkling the concrete, 
etc. In many cities a charge of 5 to 10¢ per ecubie yard of 
concrete is made for the water. 
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GENERAL SPECIFICATIONS FOR REINFORCED CONCRETE 
WORK. : 


The contractor shall have at least three years’ experience in re- 
inforced concrete construction, and shall mention in his propositions ~ 
five of the most important reinforced concrete structures which were 
built under his direction. If he expects to give the direction of the 
work to one of his employees, he shall bring verified testimonials that 
his foreman has at least three years’ experience in this line. 

The execution of the work will be supervised, on behalf of the 
owner, by a competent engineer, having at least three years’ experience 
in reinforced concrete and ten years’ experience in building construc- 
tion, and his decisions in all doubtful points must be followed. If the — 
contractor is convinced that the decisions of the engineer are rong 
and would cause him serious injury, he shall have the right to as 
from the engineer a written statement of his decision and its cause 
and to have samples and photos certified, and if it should be decided 
by a competent board of arbitration that the engineer was wrong, the — 
contractor will be paid the actual extra cost plus 15%. ; 


MATERIALS. 


The cement shall meet the requirements of the specifications of the 
American Society of QOivil Engineers. 
: One bag containing 94 pounds of cement shall be assumed==1 cubic — 
oot. 

At least one week’s supply of cement shall be stored in a shed at 
the building site, and each carload of cement shall be accompanied by 
a certified test from the mill, stating the probable age of the cement, 


and shall also be tested by a competent laboratory selected by the 
owner. 


AGGREGATES. 


As sand, shall be classified all materials, either natural sand or — 
finely crushed rock passing a sieve of 4” holes. The sand shall be — 
obtained from (state pits), and shall be free from vegetable and other 
deleterious matters, especially lumps of clay. ; 

The use of sand having grains of 1/64’’ diameter or smaller, to the 
extent of 50%, is absolutely prohibited. Where there is a possibility 
of choice, a sand containing about 30% of fine material and 70% of 
material about four times coarser is best to use, if the expense of 
obtaining such a sand is not prohibitive. 

The crushed rock or gravel shall be clean, hard, durable and free 
from all deleterious matters, especially lumps of clay. 

The particles shall pass a one-inch ring for all column girders, floor 
slabs less than 5” thick and walls less than 8’’ thick; and shall pass 
a two-inch ring for ordinary footings, thick floor slabs and walls less 
than 3’ thick. For very heavy foundations and walls, stones up to 
6’ diameter, or sometimes even larger stones, may be imbedded to 
the extent of 50% of the aggregate. 

The presence of 2% (in weight) of finely divided clay in the aggre- 
gate shall be permitted; a larger percentage will be rejected. 

The stone need not be screened, if the percentage of stone screen- 
ings does not exceed ten. Also here about 30% of finer material and 
70% of material four times larger gives the best results. ‘ 


WATER. 


The water shall be free from oil, acids, strong alkalies, or other 
deleterious matters. The contractor shall provide an ample system of 
water distribution, in order to facilitate the cleaning of forms, and 
the sprinkling of new concrete. 
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STEEL. 


_ The steel shall conform to the manufacturer’s standard specifica- 
tions. High-carbon steel shall have an ultimate strength of 90,000 
pounds ner square inch and a yield point of at least 50,000 pounds. 
These rods shall bend cold around a radius equal three times their 
diameter to an agle of 90° without breaking. Cold twisted steel rods 
shall have a yield point of 50,000 pounds and an ultimate strength 
of about 85,000 pounds per square inch. 

Should, in case of contingency, the contractor be compelled to use 
mild steel rods in lieu of high-carbon bars, he shall increase the 
sectional area in slabs by 10% and in girders by 20%; in columns, 
either mild steel or high-carbon rods may be used. 


MIXING AND PLACING OF CONCRETE 


The concrete shall be mixed in the proportion of one cubic foot of 
cement to about six feet of aggregates, sand and stone being meas- 
ured separately. As a rule, the proportion of sand to stone shall be 
1:2, and the exact proportion shall be found before starting concreting 
by making a small test beam. A good concrete worker can tell whether 
the concrete allows of easy tamping and runs freely around the steel 
rods. Should there be any dispute in regard to the quantities of aggre- 
gate to be used for each bag of cement, it shall be decided by a test, 
and the meaning of this specification is fulfilled when 1.45 barrels of 
cement are contained per cubic yard of finished concrete. If the en- 
gineer insists on more cement, the contractor shall be paid cost and 
10% extra. 

The materials shall be measured in a uniform manner, in wheel- 
barrows or otherwise, so that the quantities can be easily controlled 
by the workmen and engineer. 

The mixing shall be done in a concrete batch mixer of sufficient 
capacity, and the materials, including water, shall turn in the mixer 
not less than % minute. Hand mixing on a tight platform shall only 
be resorted to for unimportant work, and the materials shall be turned 
over at least four times until they are homogeneous in color and con- 
sistency. The concrete should be mixed wet enough to flow freely 
around the reinforcement and to fill out all the corners in the forms. 
Great care is to be taken that there is not too much water used, 
thereby causing a separation of motar and of the coarse aggregate. 
Should a less amount of water give still unsatisfactory results, the 
proportion of sand to rock must be changed. 

No concrete shall be used which has partially set (the setting time 
is habe from the cement tests), and no retempering shall be per- 
mitted. 

Before placing the concrete, the forms must be well cleaned and 
thoroughly wetted, and wood shavings must be removed from the 
floor, in order to prevent the wind from blowing them into the forms. 

No concreting of columns, beams or walls shall be commenced 
unless the forms are previously inspected, by the engineer, for cleanli- 
ness and straightness, and the proper location of the reinforcement. 

In using wet concrete a great deal of laitance is formed on top 
of the concrete, especially in columns, girders and walls, which must 
be removed before starting concreting after a suspension. The con- 
ereting shall be stopped in girders and slabs in the center, unless 
prevented by the inclemency of weather, or similar reasons, in walls 
preferably in steps. When starting up concreting after a suspension 
of only a day, the joints should be thoroughly cleaned, and drenched 
with water, and covered with grout. For a longer suspension, remove 
about % to 2 inches of concrete at the joint. 

It is preferred that the columns are concreted one day ahead of 
the girders, and the girders a few hours ahead of the floor slabs. 

At least one man shall continuously tamp a column, during process 
of concreting, by means of a stick of lumber 1’’x2’’ or 2x2". At 
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least one man, but generally two men, will be required to tamp each 
girder, during the process of concreting, by means of special spades, 
and the contractor shall supply a sufficient number of crowbars and 
heavy hooks for shaking and eventually lifting of the reinforcement._ 
Care shall be taken that the stirrups remain in their places and are 
lifted up after the form is filled. > 

Care shall be taken that the floors are brought up to the right 
level, and a levelling instrument shall be always on the floor, ready 
for checking. < 

Where the floors are to be cement finished, as for warehouses, 
factories, etc., the rough concrete floor shall be levelied to a level - 
1%’’ below the top of the finished floor. As an absolutely level floor 
in rough (or eyen finished concrete) concrete cannot be obtained, 
this will give a cement finish averaging %4”’ thick. = 

The cement finish, if figured as carrying stress, shall not be placed 
later than two days after the rough concrete is placed, and care 
shall be taken that the rough concrete is thoroughly cleaned and 
brushed with a steel brush and drenched with water before applying 
the finish. For office buildings, hotels, etc., the cement finish may 
be applied. after several months, but shall not be less in thickness than — 
1’, and the rough concrete floor shall be washed with a 20% solution 
of commercial muriatic acid and thoroughly drenched with water 
before applying the finish. The cement floor shall be covered with 
sand and kept wet for several days. No walking on this floor shall 
be allowed for two days, unless boards are spread over it. : 

Where the finish is applied at once, and where concreting is done 
on the story above, the cement drippings must be thoroughly washed — 
off and cleaned off every day, in order to preserve a smooth floor. . 

The cement finish shall consist of one part of cement to two parts 
of coarse sand, or granite screenings. After the forms are taken out. 
all places showing honeycombs or other imperfections shall be neatly 
patched up. 

The faces of concrete exposed to the sun and wind must be drenched © 
with water for at least three days, and occasionally sprinkled for a 
week or more, or even covered with a layer of wet sand in case of 
cement finished floors. 

Where concrete is to be deposited in water, it shall be done by — 
means of a tremis or bottom dumping bucket, and divers shall be 
occasionally sent down to remove laitance and to inspect the concrete. 


FREEZING WEATHER. 


When the temperature is below freezing and above 20°, the con- 
creting may be carried on by using boiling water for mixing (tests 
shall, however, be made by the laboratory whether the hot water 
does not injure that particular brand of cement, in regard to strength), 
and by pouring boiling water on the forms, and especially the re- 
inforcement, so that not a particle of ice or snow remains, The con- 
crete must be immediately covered by planks and tarpaulins. No 
concreting in cool weather shall be commenced unless all preparations — 


for boiling water are made and the required quantity of tarpaulins 
are at the site. < 


FORM WORK. 


The form work must be carefully designed for strength and de-_ 
flection, and in no case should less material be used than given in 
this Hand Book. The forms shall be erected as true as practicable, 
and no variation of more than %4’’ shall be allowed (if another varia- — 
tion is desired, it must be considered that the cost of the form work — 
inereases very rapidly for a greater precision). ; 

The forms shall be built fairly tight, to prevent a gross leakage of 
motar, producing honeycombs and loss of strength of the concrete. 
The leakage of water, colored by cement, will not be considered in- 
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jurious, The floor boards shall be surfaced on one side (S. 1 SES 
the side and bottom of the beam forms shall be S. 1 S., or surfaced 
one side and one edge (S. 1 S. & 1 E), according to the purpos for 
which the structure is intended. 

The column boards shall be surfaced one side and both edges (S. 1 

S. & 2 E.), in order to facilitate the plumbing of the forms. Right- 
angle triangular strips (1’’ or 2’’ sides) shall be placed in all corners 
of column and beam forms, and the beam forms shall be given a 
camber of %”’ or 1/300 of the span. 
_ Column and wall forms may be removed in three days. The remoy- 
ing of beam and slab forms depends on the ratio of total load to dead 
load for which they are designed, and on the weather conditions. 
The proper time can be found by making small test beams, at the 
Same time and of the same concrete of which the structure is built. 
Lacking these tests, the supports of the beams shall not be removed 
before three weeks in warm, or four weeks in cool weather. The 
ee of the beams may be removed at the same time as the slab 
orms. 

If the slabs are of short spans, say not exceeding 8’, the forms may 
be removed in five days in warm weather and eight and fourteen days 
in cool weather. For larger spans the floor boards may be removed at 
the same time, but temporary props must be placed in the center of 
the panels and must remain for at-least two weeks, and for a longer 
time if the floor supports the forms for the story above. 


THE PLACING OF THE REINFORCEMENT. 


Before the reinforcement is placed, the forms must be cleaned of 
all dirt and shavings and care must be taken to prevent new dirt 
and shavings from coming into the forms. In case of wall and 
column footings, a 2’’, or sometimes 4’’, layer of concrete shall be 
spread on the ground before the rods are placed. Rods in wall foot- 
ings do not need to be wired; in column footings, however, each rod 
must be wired at two points by No. 16 wire. The column rods should 
be rigidly wired to the coils, so that they retain their desired spacing 
in handling and concreting. The column reinforcement must be placed 
plumb and centrical and braced in two directions, and grout (1:2) 
must be poured into the footing holes or gas-pipe sleeves for proper 
connections. Care must be taken that the column rods keep their 
place while concreting the columns, and for this purpose the tops of 
the rods must be steadied by wires or boards. 

In bending the girder and beam rods, care must be taken that the 
depth of the bent rods is not greater than given in the drawings, as 
otherwise the rods might project above the concrete floor. 

The stirrups shall first be placed in all beam and girder forms as 
shown in Figure 3, then the straight rods, and afterwards the bent 
rods. Care must be taken that the rods do not come nearer to the 
surface than 1" (1%” or 2’), and that they equally overlap at both 
ends. 

The floor rods shall be placed after the girder rods, and shall be 
wired at two points to keep their place. It will be insisted that they 
are placed in their exact position during the wiring; a variation of 
1’’ shall be permitted if during concreting the rods are shifted. The 
contractor shall supply his men with a sufficient number of hooks, to 
be used to raise the rods %"’ (%'’) above the floor during con- 
creting. 

_ The extra rods over the beams or girders shall be placed im- 
mediately after the slab is concreted over the beams, and pressed into 
the concrete. : 

Horizontal wall rods shall be wired to vertical rods at least every 
four feet, and proper provision, by means of staples, or otherwise, 
shall be made to keep them in the proper distance from the face of 


the wall. 
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The steel rods shall be stored in a clean place and shall be properly 
sorted, and shall be free from dirt, ice or heavy scales of rust, when 
placed into the forms. A slight coat of rust shall not be considered 
objectionable. 


TESTS. 


The contractor agrees that he is fully informed as to the purpose 
for which the before-mentioned structure is to be used, as described 
in the plans and specifications, and being skilled in the construction 
of reinforced concrete work, fully approves of the plans, design and 
specifications, and guarantees that this work, done in accordance to 
these plans and specifications, will fulfill the requirements for which 
it is intended in every respect. : 

The contractor shall test, on demand, at least one girder, beam, 
or panel to twice the live load for which the particular floor is in- 
tended, six weeks after the concreting, and no undue deflections, 
eracks or other signs of weakness shall appear. Should any failure 
or defect appear in any part of this work, either during test or while — 
in use during a period of one year after date of completion, the con- 
tractor will remove such defect and provide construction adequate 
for proper fulfillment of this service for which this structure is in- 
tended at his own sole cost and expense, and without cost to the — 
pwner. : 
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AT VERY REASONABLE RATES. 


PLANS, SPECIFICATIONS AND SUPERVISION FURNISHED PER AGREEMENT. 


216 MENSCH, THE REINFORCED CONCRETE POCKET BOOK, 


ADDENDA AND CORRECTIONS 


On page 105, in tenth line from below, read ‘‘page 95’ 
‘instead of ‘‘page 92”’’. 

On page 107, in fourteenth line from below, read ‘‘2’’x4’’.’’ 

On page 112, in the equation for the moment of the weight 
of the earth about the center of the base, ‘‘;h’’ should 
stand for ‘‘7s’’. SS 

On page 118, in the eleventh line from top, read: ‘‘The . 
cost per square foot of shell’’ 

On page 133, the weight of steel per lineal foot of square 
bin should be doubled. In case of a cluster of bins, care 
must be taken to divide the unit quantities of concrete, steel 
and form lumber by two for all interior bins. For the outside 
walls the full quantities must be taken. 

On page 153 the heading of the second column should have 
been ‘‘T-+]?’? and the figures under heading ‘‘0.4x”’’, 
“€0.3x’’, 6£0.2x’? and ‘‘0.1x’’ should have been printed in 
black. 

On page 161 should have been noted that it is of advantage 
in reinforced concrete piles to tie the rods together by coils 
of No. 5 wire, spaced 6” ¢.¢., which: spacing should be 
diminished to about 2” near the top of the pile. 

In Fig. 84, page 190, the rise of the roof is not clearly 
marked as ‘‘hi’’. 

On page 195 in second part of first equation read D?pt 
instead of Dpt. 

On page 205, ‘‘ Weight of Four Rods in -Pounds’’ should 
read, ‘‘ Weight of Four Rods in Pounds per Lineal Foot.’’ 
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